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- 1 . Een ecologische zienswijze bij courseware-ontwikkeling past bij een 
verschuiving van een usability-engineering benadering naar een cognitive-
tool-design benadering. 
2. Betere afstemming tussen het werk van docenten en de wijze waarop 
courseware dit werk ondersteunt, zal het gebruik van courseware in het 
Nederlandse agrarisch onderwijs doen toenemen. 
3. Courseware biedt ten aanzien van onderwijs een uitgebreid scala van 
toepassingsmogelijkheden; de specifieke onderwijscontext selecteert de 
bruikbare toepassingen. 
Vri j naar: Baas Becking, L.G.M (1934) . Celbiologie of inleidlng in de milieukunde. Den 
Haag: Van S tockum en zoon. 
4. De methode van courseware-ontwikkeling dient context-specifiek te zijn. 
5. Dat courseware ontwikkeld kan worden is op zichzelf onvoldoende reden 
hiertoe daadwerkelijk over te gaan. 
Sarason, S. (1984) . If it can be studied or developed, should it be? American 
Psychologist, 39; 5 , 4 7 7 - 4 8 5 . 
6. Gilb's waarschuwing: "If you don't know what you are doing, don't do it 
on a large scale", geldt ook voor courseware-ontwikkeling. 
Gilb, T . (1988) . Principles of Software Engineering Management. New York : Add ison-
Wesley. 
7. Projecten ter stimulering van computergebruik in het onderwijs dienen 
beoordeeld te worden op hun feitelijke bijdrage aan dit gebruik. 
8. Het voor verschillende contexten operationeel maken van uit onderzoek en 
ontwikkeling verkregen kennis is een wezenlijke functie van het 
kenniscentrum Wageningen. 
9. De Engelstalige nomenclatuur voor vakken en opleidingen in het 
Nederlandse agrarisch onderwijs, zoals gebruikt in voorlichtingsmateriaal 
van het Ministerie van Landbouw, Natuurbeheer en Visserij dient te worden 
gecorrigeerd. 
Stell ingen behorend bij het proefschr i f t Use-oriented courseware development for agricultural 
education: An ecological approach van J . J . Chris Blom, Wageningen, 10 juni 1 9 9 7 
10. De grote aandacht in het onderzoek aan de Landbouwuniversiteit voor het 
dienstbaar maken van academische kennis biedt een goed uitgangspunt 
deze dienstbaarheid in de vijfjarige curricula van deze universiteit expliciet 
aan de orde te stellen. 
1 1 . De veranderingen in de taakverdeling tussen mannen en vrouwen binnen 
het gezin staan op gespannen voet met de veronderstelling dat het 
leeuwendeel van de promotie-arbeid in de vrije tijd kan geschieden. 
12. In het belang van ouder en kind dient telewerken door werkende ouders 
waar mogelijk te worden bevorderd. 
13. De invoering van een kattentaks doet recht aan de hinder en milieu-overlast 
die 'kleine' huisdieren veroorzaken. 
Stell ingen behorend bij het proefschri f t Use-oriented courseware development for agricultural 
education: An ecological approach van J . J . Chris Blom, Wageningen, 10 juni 1 9 9 7 
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VOORWOORD 
Dit proefschrift bouwt voort op de resultaten van een evaluatie onderzoek dat is 
uitgevoerd in de periode 1989 - 1992. Dit onderzoek betreff, courseware ontwikkeling 
voor het agrarisch onderwijs en werd in nauwe samenwerking uitgevoerd met de 
organisatie die verantwoordelijk was voor deze courseware ontwikkeling: het Centrum 
voor Informatica-ondersteuning van het Landbouwonderwijs, in 1990 gefuseerd met 
Stoas. De vele mensen van Stoas, met wie ik toen heb samengewerkt, wil ik hier 
bedanken voor hun bijdrage. Zij liefen mij toe in hun keuken en tolereerden mijn 
rondneuzen in hun potten en pannen. De begeleiding van dit onderzoek vanuit de 
vakgroep Agrarische Onderwijskunde was in handen van Ir. A. Ph. de Vries. Hij 
ondersteunde ook mijn plannen om dit onderzoek uit te bouwen tot een dissertatie. 
Bedankt Guus, voor jouw bijdrage en inzet. Zonder de inbreng van docenten uit het 
agrarisch onderwijs is dit proefschrift ondenkbaar. Ik hoop dat dit proefschrift recht 
doet aan hun inbreng en wil hen danken voor de bijdrage die zij aan dit werkstuk 
leverden. 
Ook wil ik mijn beide promotoren, Prof. Dr. J. van Bergeijk en Prof. Dr. J . Moonen 
(Vakgroep Instrumentatietechnologie, Faculteit Toegepaste Onderwijskunde, 
Universiteit Twente) bedanken voor het in mij gestelde vertrouwen en voor hun 
begeleiding. Mijn eerste gesprek met Jaap over een mogelijk proefschrift is al vele 
jaren oud. Jaap werkte zieh immer conscientieus door de vele manuscripten en gaf 
weldoordacht kritiek op mijn werk. Jaap, bedankt voor je blijvende aandacht en 
belangstelling. Jef leverde accuraat commentaar vanuit zijn deskundigheid op het 
gebied van courseware ontwikkeling. Jef, ik ben je erkentelijk voor jouw inspirerende 
bijdragen aan onze discussies over het gebruik van computers in het onderwijs. Dr. B. 
A. Collis (Vakgroep Instrumentatietechnologie, Faculteit Toegepaste Onderwijskunde, 
Universiteit Twente) was als begeleidster betrokken bij het tot stand komen van de 
eerste opzet voor het huidige proefschrift en deed hiervoor een aantal belangrijke 
suggesties. Ook corrigeerde zij de Engelse teksten. Bedankt, Betty, voor je bijdrage. 
In de afgelopen jaren combineerde ik het schrijven van dit proefschrift met het werk 
als docent en onderwijscoördinator van de vakgroep Agrarische Onderwijskunde. Ik 
ben de vakgroep, met name Prof. Dr. W. van den Bor, erkentelijk voor het bieden van 
de mogelijkheden om dit proefschrift te schrijven. Veel collega's waren bereid mij 
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taken uit handen te nemen en de taken die ik liet liggen of vergat, op te vangen. Corry 
Wegh hielp mij met de tekstverwerking, het persklaar maken en de verzending van het 
proefschrift. 
Ik kon altijd rekenen op Anja. Zij zorgde ervoor dat ons gezin niet te veel te lijden had 
van mijn promotiewerk en ondersteunde mij bij deze onderneming. Anja, ik heb een 
omvangrijk beroep op jou gedaan, en ook op Elrein en Tjeerd. Ik weet dat hierin 
verandering komt. Bedankt voor jouw bijdrage; ik zal je weer vaker gezelschap houden 
en we gaan samen leuke dingen doen. Elrein, ik zal je niet meer van de Computer 
verdrijven en weer meer beschikbaar zijn voor een spelletje of een praatje. En Tjeerd, 
je vroeg dikwijls: "Pappa tjoetelen 1?" Nu gaan we weer zwemmen en hameren. 
Chris Blom 
Wageningen, februari 1997 
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ABSTRACT 
This thesis investigates the disappointing use of computers and courseware in Dutch 
agricultural education. The central question is: How to develop courseware that will 
be used by teachers in agricultural education practice? On the basis of a theoretical 
frame of reference and by means of two case studies, the use of courseware in the 
context of Dutch agricultural education is described, understood and explained; and 
use influencing factors are established. Prescriptions are formulated that reckon with 
these factors and presumably increase the likelihood of use in practice, in two 
additional case studies, both the process and the organisation of courseware 
development for Dutch agricultural education are described, understood and explained. 
On the basis of this understanding, the prescriptions, phrased in the two preceding 
case studies, are adjusted and extended. The resulting prescriptions fit into five 
categories: 
a) courseware should address needs 
b) courseware should lead to lower costs of use 
c) courseware development should match teacher learning 
d) courseware development should reckon with contexts of use 
e) courseware development should be organised in manner that facilitates use-
increasing development 
Essentially, the formulation of these use-increasing prescriptions as described above 
amounts to tailoring the courseware-development process to the context in which the 
courseware will be used. For this process of tailoring, insight is needed in the 
contingencies between courseware-development characteristics and the attributes of 
a context of use. These contingencies are described in the last chapter of this thesis. 
Risk prevention is the most important argument in selecting a specific courseware-
development characteristic for a given context. 
In this research, this tailoring process is applied to Dutch agricultural education. The 
resulting alternative and supposedly use-increasing approach of courseware 
development can be characterised as situation specific, teacher-driven, and process-
oriented. Important domains of expertise are those of subject matter, of teachers as 
users, of project and educational innovation management and of instructional design. 
This approach combines a small scale wi th a high level of ambition. 
viii ABSTRACT 
This approach is termed ecological since insights from ecology offer instructive 
analogies that for courseware development can be phrased as follows. Courseware 
may offer a wide range of educational improvements, the contexts of use determine 
the quality characteristics of viable courseware applications. Consequently, 
characterising, a viable courseware application implies describing its context of use. 
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1 SETTING THE STAGE 
1.1 Introduction 
The use of computers in education in general as well as vocational education is below 
expectation. This holds for the numbers of teachers that use computers in their 
teaching as well as the quality of computer use (Becker, 1994; Blom, 1993a; Janssen 
Reinen, 1996; Pelgrum, Plomp & Janssen Reinen, 1993). One of the factors that 
influence the use of computers is courseware quality. Many prescriptions for 
courseware development aim for quality courseware. Apparently, the fact that 
courseware meets educational and technical criteria does not guarantee its use by 
teachers. The relation between courseware development and the use of courseware 
by teachers in the agricultural curriculum is the central subject of this thesis. This 
thesis investigates the possibilities of developing courseware that will be better 
geared to the situation in which it will be used. From several case studies regarding 
courseware development for agricultural education in the Netherlands, conclusions are 
formulated that lead to prescriptions regarding use-oriented courseware development. 
The fol lowing question defines the central problem in this thesis: How to develop 
courseware that will be used by teachers in agricultural-education practice? This 
thesis contributes to solving this problem by generating prescriptions and 
methodological insights with respect to courseware development that increase the 
likelihood of use of courseware in agricultural-education practice. 
1.2 General background and focus of thesis 
1.2.1 Some concepts defined 
Courseware 
The term courseware is often used to label different concepts. The differences pertain 
to: 
a) the inclusion or exclusion of non-electronic learning materials; 
b) the types of educational software involved; 
c) the amount of time students work with the computer; 
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d) the part of the curriculum covered by the courseware. 
With respect to the first difference, De Diana and Van Schaik (1993) implicitly 
exclude printed and other non-electronic learning materials by using the term 
courseware to stand only for electronic learning resources such as educational 
software. In contrast, several other authors define courseware as not only electronic 
learning resources but also other supporting materials such as manuals and slides 
(Hannafin & Peck, 1988; Kanselaar, Vossen, Van de Perel, Havekes & Stevens, 1986; 
Unwin & MacAleese, 1978). Practically all educational-software programs are used 
together wi th a manual of some sort. Many educational-software programs are 
combined wi th other materials to form a coherent package of learning materials. This 
thesis refers to courseware as a package of learning materials that includes 
educational software. 
The second difference relates to the types of educational software involved. 
Traditionally three software types are associated wi th courseware: drill and practice, 
tutorials and simulations (Collis & Verwijs, 1995a; Keursten, 1994). This 
categorization does not cover applications like word processors, spreadsheets and 
drawing programs; programs that are used by students as tools during their learning 
activities. The category of tools (Forcier, 1996; Taylor, 1980) is appropriate for these 
applications. But even with this addition, a growing number of examples of 
educational software do not f i t into these categories. The increase of the possibilities 
offered by communication and information technology has accompanied a growth in 
types of educational software. The increasing variety of learning theories that are 
used when developing educational software also effects the growth of educational-
software types (Alessi & Trollip, 1985; Cognition and Technology Group, 1 9 9 1 ; Collis 
& Verwijs, 1995a; Crook, 1994; Jonassen, 1988; Merrill, 1988; Papert, 1980). This 
thesis is mainly based on the data generated in case studies of courseware 
development for Dutch agricultural education in the period 1989 - 1992. Educational-
software types that were used as leading examples during this period of courseware 
development are best described by the categories of drill and practice, tutorials, 
simulations and tools. Thus the emphasis in this thesis is on software types that f i t 
these four categories. 
The third difference relates to the amount of time students work wi th a computer. 
Implicitly many authors assume that students spend a considerable amount of their 
learning time at the computer when using courseware. A general average of the 
percentage of learning time spent at the computer by agricultural is difficult to give, 
due to the large variety of courseware types available for agricultural subjects, each 
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requiring different quantities of computer work. The following two examples illustrate 
this. The Koefok package (dairy cattle breeding, Stoas, 1995) simulates the dairy 
herd of a farmer. When teachers use this courseware, students do not have to work 
wi th the computer themselves: they fill in forms with their breeding decisions and the 
teacher feeds these forms to the computer that in turn calculates the results for the 
herd. In contrast there is a package Plantendictee (spelling of plant names, Stoas, 
1995), where students practice Latin plant names at the computer; this requires 
extensive work at the computer by each student. Courseware as defined in this 
thesis does not presuppose a minimum or maximum time that student spends working 
with computers. 
The fourth possible difference with respect to courseware concerns the part of 
curriculum that is covered by the courseware. Venezky and Osin (1991) distinguish 
between courseware and lessonware. When the package of learning materials covers 
a complete course during a long period of time (usually one or more school semesters) 
they use the term courseware, whereas they refer to lessonware when an isolated 
topic is dealt w i th . Other authors do not restrict the time period in the curriculum that 
is covered by courseware (for example Keursten, 1994; Unwin & MacAleese, 1978). 
In the courseware for agricultural education both are present: courseware packages 
covering a one-year program as well as packages that are meant to be used in a few 
lessons. So the distinction made by Venezky and Osin (1991) is not relevant in this 
thesis. 
In summary, the term courseware in this thesis (Bunderson, 1981 ; Kanselaar et al. 
1986; Keursten, 1994; Unwin & MacAleese, 1978) refers to a package of learning 
materials, consisting of educational software (drill and practice, tutorials, simulations 
and tools) and accompanying supporting materials, that is developed with the purpose 
to be used by students to learn from. There is no presupposed minimum or maximum 
time that students work wi th the computer, nor a restriction wi th respect to the part 
of the curriculum covered by the courseware. 
Courseware quality 
Courseware quality is a multidimensional concept (Ladhani, 1995) due to the many 
aspects that can contribute to the quality of courseware. And it is a difficult concept 
because several perspectives can be used to assess courseware quality. 
Bitter and Wighton (1987) report 320 different aspects that have been used in 
quality-assessment procedures. Quality assessment is only viable when an appropriate 
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selection of relevant aspects is made based on the assessment perspective. One 
perspective is that of teachers trying to decide on the purchase of courseware. 
Another example is the perspective of courseware developers assessing the effects of 
their courseware on learning results. But even when a specific perspective is used, 
different quality assessments of a specific courseware package often yield different 
judgements (Woodward, 1985). 
The concept of courseware quality in this thesis is employed from the perspective of 
the implementation of an educational innovation. Within this perspective the use of 
the courseware is an important indicator. Factors that influence the use of courseware 
are investigated wi th respect to their contribution to courseware quality. 
Role of computers in curriculum 
There are several ways in which the computer can be integrated in a curriculum. A 
possible distinction is that of the following three categories (Advisory Committee for 
Education and Information Technology [AOI], 1982): 
a) /earning about computers, referring to teaching or learning about computers, their 
use and products, including the impact on society; 
b) /earning with the aid of computers, implying the use of the computer as an aid 
comparable wi th for example calculators, encyclopedia, dictionaries and 
geographical maps; 
c) learning by means of computers, where the computer performs instructional 
functions (explain, demonstrate, support practice, support problem solving, test, 
give guidance: Moonen, 1986a; Venezky & Osin, 1991). 
In agricultural education in the Netherlands, the educational sector dealt w i th in this 
thesis, the introduction of computers in curriculum involves t w o major goals (Blom, 
1993a): 
a) improve the preparation of students for an agricultural practice that is reshaped 
by information technology; 
b) improve teaching and learning processes by using computers and information 
technology. 
The first goal is related to the category of learning about computers. Teaching 
students some agricultural computing is necessary to prepare students for agricultural 
practice where information technology is frequently used. Dominant computer 
applications in agriculture are systems for farm management and systems for process 
control. In senior secondary agricultural education emphasis is on learning students 
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how to perform tasks in agriculture (farm management or process control tasks) that 
involve using such systems (Blom & De Vries, 1990). All courseware development 
projects, investigated in this thesis, aim at integrating agricultural computing in the 
curriculum (Blom, 1993b). The perspective is to improve the quality of human capital 
in agriculture and to teach students to handle information-related tasks effectively 
(Anderson & Collis, 1993). 
The second goal is related to the categories of learning with the aid of computers and 
learning by means of computers. Many courseware products in Dutch agricultural 
education support student learning as an aid. For example, the computer serves as a 
dedicated calculating tool or as an instrument that supports planning decisions. Some 
courseware products perform instructional functions, for example by offering students 
the possibility for repeated practice or by supporting problem solving. 
This thesis examines factors that influence the use of courseware in the teaching 
situations in which courseware is, or may be used. These teaching situations can 
represent one or more of the three computer-integration categories learning about, 
learning with and learning by means of computers. With respect to the courseware, 
the emphasis is on courseware that assists learning to perform specific tasks in 
agriculture that involve using computers, and on courseware as an aid to learning. 
Use of computers and use of courseware in curriculum 
The use of computers, as understood in this thesis, comprises any use of computers 
by teachers or students in teaching situations within the agricultural curriculum. In 
agricultural education, many teachers demonstrate software that is used in agricultural 
practice (agricultural software). Other teachers use software that is generally 
available, for example a program that assists train-travel scheduling. In addition, some 
teachers use courseware. Consequently, the use of computers may imply the use of 
agricultural software, the use of generally-available software or the use of 
courseware. The use of courseware implies the use of computers, but the use of 
computers does not necessarily imply the use of courseware. 
Agricultural curriculum 
The agricultural curriculum in the Netherlands is taught at dedicated agricultural 
schools and encompasses general subjects, such as mathematics, information science 
and languages, as well as vocation-oriented subjects such as crop growth, animal 
husbandry and business economics. The use of computers in general subjects has 
been frequently studied (Becker, 1994; Beishuizen & Versteegh, 1993; Ten 
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Brummelhuis, 1995; Ten Brummelhuis & Plomp, 1993). This thesis focuses on the 
vocation-oriented subjects. Consequently, the agricultural curriculum studied in this 
thesis is limited to the vocation-oriented subjects. This part of the agricultural 
curriculum to a large extent is at the senior-secondary level. 
1.2.2 Factors that influence use 
The past three decades show considerable efforts to introduce computers and 
information technology into the curriculum. Schools have been supplied with 
hardware. Curriculum content and learning materials have been developed in order to 
teach students about computers. Courseware has been developed that allows 
students to learn wi th or by means of computers and thus, in theory, to improve 
learning. And teachers have been trained in the use of computers and courseware. In 
general the results of these efforts are below expectation. Only a small to modest 
number of teachers integrates computers in the curriculum (Becker, 1 9 9 1 ; Becker, 
1994; Ten Brummelhuis, 1995; Janssen Reinen, 1996; Moonen & Stanchev, 1993; 
Pelgrum et al, 1993; Pelgrum & Schipper, 1993; Plomp & Pelgrum, 1991). 
Factors, often mentioned in relation to the disappointing number of computer users 
are: availability of hardware, courseware quality, availability of courseware, perceived 
relevance, national policy, school policy, principal's leadership, technical support, 
teacher competence, teacher attitude, teacher training (initial as well as inservice), 
staff development, financial support and innovation assistance (Ten Brummelhuis, 
1995; Ely, 1990; Fullan, Miles & Anderson, 1988; Plomp & Pelgrum, 1 9 9 1 ; Tuijnman 
& Ten Brummelhuis, 1993; Veen, 1994). An overview will be presented in chapter 2 
(Figure 2.3, p. 24). 
The question regarding the relation between the use of computers by teachers and 
these factors has been addressed by several authors (Becker, 1994; Ten 
Brummelhuis, 1995; Janssen Reinen, 1996; Moonen, 1995; Tuijnman & Ten 
Brummelhuis, 1993) and it appears hardly possible to identify one dominating factor 
or one set of interrelated factors that is responsible for the (lack of) use of computers. 
There are large differences between countries and between subject areas wi th regard 
to the relation between computer use and the supposed influencing factors. 
Apparently, a specific and dynamic set of interrelated factors, depending on the 
context studied, influences the use of computers (Ten Brummelhuis, 1995). 
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1.2.3 Courseware quality and use 
Courseware quality is one of the factors that affect the use of computers in 
curriculum. The quality of educational materials (such as courseware) is reported in 
different studies on the implementation of educational innovations as a key variable 
(Crandall et al., 1982; Fullan, 1991). Shortly after the introduction of microcomputers 
in education a growing number of organisations started to evaluate courseware in 
order to help teachers select quality courseware for use in the classroom. From these 
evaluations the opinion rose that the lack of quality courseware inhibited the use of 
computers in education (Lauterbach & Frey, 1987; Organisation for Economic 
Cooperation and Development [OECD], 1989; Woodward, 1985). Recent research 
shows that courseware quality is still perceived by teachers as a problem related to 
the use of computers (Davis, 1993) and that the quality of courseware still is an 
important issue (Ten Brummelhuis & Plomp, 1994; Veen, 1994). Courseware quality 
will not in all contexts and at all moments be the most important factor that causes 
disappointing use, but it undoubtedly is among the more important conditional factors. 
One conclusion from the research on factors possibly leading to disappointing use is 
indisputable: The introduction of computers and information technology in the 
curriculum is a complex, difficult and multi-facetted innovation (Collis & Carleer, 
1993; Collis, Moonen & Stanchev, 1993; Fullan et al., 1988; Pelgrum et al., 1993; 
Salomon, 1990; Salomon, 1991) wi th many actors involved. An overview of actors 
will be presented in chapter 2 (Figure 2.2, p. 23). This innovation calls for many 
different measures such as initial and in-service teacher training with respect to 
computer skills as well as teaching strategy, support for hard- and software 
acquisition, implementation and technical support, development of quality courseware 
and curriculum development (Ten Brummelhuis, 1995; Collis & Oliveira, 1990; Fullan 
et al., 1988). It is unlikely that there is one single actor in a position to fully 
orchestrate these measures. Each actor involved needs to look for factors that 
increase use. For courseware developers the quality of courseware is such a factor. 
This thesis studies the relation between courseware development and the factors that 
influence the use of courseware. Since use of courseware implies use of computers, 
factors that influence the use of computers in general are among the factors that 
influence the use of courseware. 
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1.2.4 Software quality and use 
The problem of disappointing use of courseware has its parallel in software 
engineering (Adler & Winograd, 1992; Baecker & Buxton, 1987; Nielsen, 1993). 
Many companies using advanced manufacturing technology do not achieve anticipated 
performance (Majchzrak, 1988, as cited in Corbett, 1992). Often- mentioned 
problems are related to usability and utility of the systems. Problems wi th usability 
concern the ease of use of the system (difficult to learn, inefficient, difficult to 
remember, high level of errors, irritating; Nielsen, 1993). Problems with utility refer to 
difficulties wi th task consistency of the system: the tasks that are supported by the 
system are not consistent wi th the tasks that are carried out by the users (Blatt & 
Knutson, 1994). These problems initiated an increased attention on the development 
of the user interface (42 % of software code concerns the user interface, Nielsen, 
1993), for modelling human-computer interaction (Helander, 1988; Hix & Hartson, 
1993) and for user-oriented development approaches (user-centred system design, 
Norman & Draper, 1986; user-centred design, Preece, 1994; participatory design, 
Schuler & Namioka, 1993). Possibly these domains within software engineering, 
together often indicated wi th the term human-computer interaction (HCI, Helander, 
1988), can help to generate new prescriptions for courseware development that 
increase the likelihood of use. 
The attempt to gain insights from software engineering that contribute to courseware 
development has been the focus of several studies (De Diana & Van Schaik, 1993; 
Van der Mast, 1995; Moonen & Schoenmaker, 1992; Schoenmaker, 1993; 
Schoenmaker, Nienhuis, Scholten & Titulaer, 1990). These authors agree that specific 
attention for the users of courseware is necessary during courseware development in 
addition to the attention for courseware quality. 
1.2.5 Courseware development and quality 
Courseware development 
The process of conceptualization, specification, product design, prototyping and 
production of a courseware package is called courseware development. Different 
authors present different methods (De Diana & Van Schaik, 1993; De Diana & De 
Vries, 1990; Hannafin & Peck, 1988; Hartemink, 1988; Van der Mast, 1995; Moonen 
& Schoenmaker, 1992; Venezky & Osin, 1991). In practice, no t w o courseware-
development projects are alike. 
SETTING THE STAGE 9 
Courseware-development methods are often pictured as linear or cyclic sequences of 
several stages, each stage consisting of different relevant activities. However, it 
appears impossible to assign different activities into separate sequential stages of 
courseware development (Flagg, 1990; Preece, 1994; Schoenmaker, 1993; Tessmer 
& Wedman, 1990). A courseware-development team usually passes several times 
through the various stages of the courseware-development process and repeats 
specific activities from these stages. Each repetition will add to the product that is in 
development (Banathy, 1987; Hix & Hartson, 1993). During courseware development 
continuous decision making is required regarding the selection of specific activities 
and the emphasis on these activities. 
A large variety in courseware products is possible. Developing courseware requires 
many decisions about product characteristics: content, instructional strategies, 
presentation issues, and media and system characteristics (Ladhani, 1995). The 
importance of formative evaluation is stressed in most models for instructional design 
(Gustafson, 1991) as well as in many models for software engineering (Preece, 
1994). This involves a repetitious checking of whether the intermediary products 
comply wi th the original plans and specifications, and whether these products satisfy 
user expectations. 
Courseware development rarely is a one-actor activity. More often, courseware 
development is a team effort: It demands expertise in various domains, such as 
instructional design, software development, interaction modelling and project 
management. Furthermore, courseware development uses many different resources. 
The initial funding for the courseware-development project is an important resource, 
but the availability of expertise, the availability of methods, techniques, tools, housing 
and hardware are important resources too. Courseware development requires 
decisions regarding expertise and resources. 
Prescriptions for courseware development 
An increasing number of authors tries to give advice on development aiming for 
quality courseware (for example De Diana & Van Schaik, 1993; Hannifin & Peck, 
1988; Kearsly, 1983; Van der Mast, 1995). The majority of these prescriptions for 
courseware development are based on the experience of developers; some are 
conclusions from the results of empirical research (De Diana, 1988; Keursten, 1994; 
Van Schaik, 1991). These prescriptions usually are grouped together and presented as 
a courseware-development method (Hannifin & Peck, 1988, Hartemink, 1988; Van 
der Mast, 1995). Most of the prescriptions can be traced back to t w o different 
10 CHAPTER 1 
domains: those regarding technical quality from the domain of software engineering 
and those regarding educational quality from the domain of instructional design. Other 
domains contribute as well, for example the domain of project management, but 
probably not as extensively as the other two (compare Bunderson, 1970; De Diana & 
Van Schaik, 1993; Moonen, 1987; Schoenmaker, 1993). Possible prescriptions can 
refer to different aspects of courseware development. Three distinct aspects, often 
referred to in prescriptions, are (Bulthuis & Trompper, 1989; De Diana & Van Schaik, 
1993): 
a) the courseware product, encompassing both intermediary products (for example 
prescriptions regarding task analysis or prototypes) and end product (for example 
prescriptions wi th respect to technical characteristics regarding the target 
machine, or educational characteristics related to the entry level of students); 
b) the development process (for example prescriptions concerning activities that 
should be performed, persons that should be involved, and methods, techniques 
and tools that should be used); 
c) the organisation of courseware development (for example prescriptions pertaining 
to the distribution of responsibilities for specific activities among persons and 
organisational entities involved). 
Problems with prescriptions 
Striving for quality results in many prescriptions all wi th the same aim (Alessi & 
Trollip, 1985; Hartemink, 1988; Hannafin & Peck, 1988; Venezky & Osin, 1991). On 
user-interface development Smith and Mosier formulated 944 prescriptions (cited in 
Hix & Hartson, 1993, p. 20). Nielsen (1993) collected in four relevant publications 
1696 prescriptions. Striving for quality has not lead however to the massive increase 
in use of computers by teachers that has been hoped for. 
Presumably the prescriptions fail to account for important factors influencing the use 
of courseware in practice. And the increase of prescriptions creates problems of 
f inding, selecting and interpreting of prescriptions (Blatt & Knutson, 1994; Hix & 
Hartson, 1993). Finding relevant prescriptions is cumbersome and time consuming. It 
is impossible to develop courseware that complies with all existing prescriptions for 
courseware development. Selection is inevitable and often occurs implicitly during the 
process of courseware design and suffers from everyday pressures that stem from 
deadlines and short-term priorities. Moreover, prescriptions can be formulated as 
guidelines that are generally applicable and then need massive interpretation, or they 
can be formulated as specific rules that frequently do not f i t the specific design 
problem at hand. 
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Possible solutions and methodological insights 
Often, the problem of finding, selecting and interpreting prescriptions is solved by 
choosing one of the many available methods for courseware development. However, 
existing methods are developed within a specific organisation for courseware 
development. This limits their suitability for the courseware-development project at 
hand, for example because the degree to which the method distinguishes fields of 
expertise is not consistent wi th the reality in a specific courseware-development 
project. 
Hix and Hartson (1993) suggest therefore another solution. In their view, any 
organisation dealing wi th software development should develop a customized style 
guide as a means to pre-select and pre-interpret relevant prescriptions. Parallel with 
this suggestion each organisation for courseware development should develop a 
customized development method. 
A possible third approach that might help to f ind, select and interpret relevant 
prescriptions is that of formative evaluation during courseware development. 
Formative evaluation is seen by many courseware developers as an indispensable 
procedure for development of courseware, mainly for accomplishing that the 
courseware does what developers intend (Flagg, 1990; Gillis, 1986; Roblyer, 1981). 
The call for increased involvement of teachers during development (Moonen, 1987; 
Pelgrum, 1993; Schoenmaker, 1993) or the development of courseware f rom the 
perspective of teachers. Timmer (1993) also stresses the importance of formative 
evaluation. In formative evaluation, trial and error is introduced: In the product 
development a specific set of prescriptions is used to such an extent that formative 
evaluation is possible. This formative evaluation yields a judgement and suggestions 
for altering regarding the product and the prescriptions that directed the product 
development. The literature in this respect yields different techniques (Flagg, 1990; 
Nielsen & Mack, 1994), such as rapid prototyping (Tripp & Bichelmeyer, 1990), 
walkthroughs (Bias, 1994) and story boarding (Joliffe, 1990), all of which intensify 
the interaction between users and developers. 
These solutions all try to direct the process of courseware development and require 
additional decisions regarding courseware development. This type of decision making 
involves methodological considerations regarding the purpose and functions of 
courseware development, the role of the prospective users, the role of expertise and 
the role of present knowledge on courseware development (that can be embodied in 
prescriptions). To solve the problems that surround the use of prescriptions and to 
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assist finding, selecting and interpreting prescriptions, methodological insights are 
needed. 
1.3 Case study research 
The domain of this research, factors that influence the use of courseware and the 
related prescriptions for courseware development that increase the likelihood of use in 
practice, has as yet no cohesive theoretical framework (Ten Brummelhuis, 1995; 
Janssen Reinen, 1996). To generate theoretical insights in such a situation, Collis et 
al. (1993) suggest a research approach that consists of three categories of research, 
each fitt ing a spiral cycle. 
The first category is the describe-understand-explain category, where the intention is 
to look insightfully at a particular context, to see what is happening wi th computer-
related applications in that context and try to explain its use in that context. The goal 
is localized theory, grounded in a specific context. Typical methods are surveys, 
observations and case studies. 
The second category, the multiple loop instrumentation-implementation phase, intends 
to bring a particular version of instrumentation or implementation to a local setting 
and test its f i t to the context. A typical research approach is formative evaluation by 
means of a case study methodology using different possible techniques. 
The third category is that of hypothesis testing. Here the researchers predict what is 
likely to happen, given a specific instrumentation in a certain implementation setting. 
They try to test the hypothesis in as general a way as possible wi th traditional 
research designs. 
The present investigation of Dutch agricultural education is of the first category. The 
objectives are 
a) to describe, understand and explain the relation between the use of courseware 
and courseware development in Dutch agricultural education; 
b) to phrase, on the basis of the generated understanding prescriptions and 
methodological insights wi th respect to courseware development that will 
increase use in practice. 
Four case studies wi th regard to Dutch agricultural education form the empirical basis 
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of the present thesis. Two of these case studies focus on the use of courseware and 
computers. Two other case studies focus on the development of courseware. In line 
wi th the objectives mentioned above, the research methods and techniques that are 
applied are descriptive and have a qualitative-evaluation background (Patton, 1990). 
The findings of these studies are conjectural. 
Courseware development for agricultural education in the Netherlands 
The central issue in this thesis is the use of courseware and courseware development 
in Dutch agricultural education. From 1987 to 1991 the Centre for Information 
Technology Support in Agricultural Education [CILO] hosted a series of courseware 
development projects, funded by the Dutch Ministry of Agriculture, Nature 
Management and Fisheries [MANMF]. These projects were evaluated by the 
Department of Agricultural Education of the Wageningen Agricultural University in the 
period 1989 - 1992. The emphasis in the evaluation research was on courseware 
development for agriculture-oriented subjects. The main goal of this research was to 
improve the efficiency and effectiveness of courseware development for agricultural 
education. The results of this evaluation research, specifically relevant for the 
participants of these courseware-development projects, are communicated elsewhere 
(Blom, 1993a, 1993b, 1993c). This evaluation research provides the data for three of 
the four case studies in the present dissertation. The other case study in the 
dissertation is based on interviews with teachers reflecting on the use of courseware. 
1.4 Structure of thesis 
This thesis investigates the disappointing use of computers and courseware in Dutch 
agricultural education. The central question is: How to develop courseware that will 
be used by teachers in agricultural education practice? This thesis contributes to 
solving this problem by generating prescriptions and methodological insights with 
respect to courseware development that increase the likelihood of use of courseware 
in agricultural-education practice. 
The subsequent chapter, chapter 2, gives a theoretical frame of reference. The four 
case studies use this frame of reference in generating the necessary instruments to 
describe, understand and explain the relation between courseware development and 
use. Chapter 2 also specifies the central question into more detailed research 
questions that are the basis of the case studies. Chapter 3 provides the background of 
courseware development for Dutch agricultural education. The different agricultural 
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education programs offered and relevant policies are outlined. The subsequent four 
chapters report on the different case studies. Chapters 4 , 6 and 7 are based on the 
evaluation research mentioned in the previous section. Chapter 5 is based on 
interviews wi th teachers. These four chapters yield an increased insight in the factors 
that influence use in practice and their role in courseware development. The chapters 
result in prescriptions regarding courseware development that are likely to increase 
use in practice. Chapter 8 reviews and reflects on the findings in the preceding 
chapters and generates methodological insights that help f ind, select and interpret 
prescriptions for courseware development. Figure 1.1 depicts the structure of this 
thesis. 
1 Setting the stage 
3 Courseware development for 
agricultural education 
4 Teacher-indicated factors that influence 
computer use 
5 Use-influencing factors in specific 
teaching contexts 
6 Determinants of courseware 
development 
7 Organisation of courseware 
development 
V 
factors tha t 
influence the use 
of computers 
prescnptions 
V 
methodological 
insights 
Figure 1.1 Structure of thesis 
2 THEORETICAL FRAME OF REFERENCE 
2.1 Introduction 
This chapter gives an overview of the relevant literature and yields the theoretical 
frame of reference regarding the subject of this thesis: use-oriented courseware 
development for agricultural education. This frame of reference provides the necessary 
instruments to describe, understand and explain the relation between the use of 
courseware and courseware development in Dutch agricultural education. 
The fol lowing three central issues are investigated. The first issue is computers and 
educational innovation (section 2.2), as a central observation in this thesis is the 
disappointing use of courseware in spite of substantive efforts to develop quality 
courseware. This observation concerns the implementation and use of an innovation: 
computers and curriculum. The second issue is courseware development (section 
2.3), as this thesis focuses on the possibilities for courseware development to 
improve the implementation process. The third issue, human-computer interaction 
(HCI), is studied in section 2.4. With respect to software more generally similar 
problems of user dissatisfaction as are experienced with courseware can be observed. 
HCI is the discipline in the domain of software engineering that is concerned with the 
design, evaluation and implementation of interactive computer systems for human use 
(ACM SIGCHI, 1992). Much research in the field of HCI tackles the problem of 
disappointing use of software and can contribute to describing, understanding and 
explaining the disappointing use of courseware. Finally, section 2.5 explains the 
research method and research questions that are central in the subsequent chapters. 
2.2 Computers and educational innovation 
The innovation concerns the introduction of computers in the curriculum. This section 
first investigates the relation between computers and curriculum. Different factors 
that influence the use of an innovation are discussed. Subsequently, innovation 
approaches for introducing computers in the curriculum are examined. A summary 
concludes this section. 
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2.2.1 Computers and curriculum 
The relation between computers and curriculum is described from different 
perspectives. However, before starting wi th this description, the concept of 
computers needs attention. 
Computers 
The concept computer is far from stable. Before the late 1970s a computer was an 
expensive large machine used by computing specialists, often on a time-sharing basis. 
This type of machine had limited possibilities for use in curriculum situations (Venezky 
& Osin, 1991). With the introduction of the personal computer (PC) it became a more-
or-less affordable machine that could be used by any professional in need of 
computing facilities. In Dutch agricultural education for example, the government 
introduced Apple lie machines between 1982 and 1984 and these machines brought 
many teachers in agricultural education for the first time in contact wi th computers. 
At the end of the 1980s machines like the Apple lie became obsolete. The 
government supplied agricultural schools wi th networked IBM-AT compatible personal 
computers. 
With the increase of the capacity of processors and memory, and wi th the 
introduction of compact disc technology, the multimedia machine became reality in 
the beginning of the nineties (Van Deursen & Moonen, 1 9 9 1 ; Schoenmaker, 1993). 
Networking technology increased the applications that involve telecommunication, like 
conferencing systems and systems that allow information retrieval in remote 
databases (Harris, 1993). And now, in 1997, even more powerful machines, when 
hooked up to the Internet, wi th the help of the World-Wide Webb (WWW), can 
communicate wi th computers around the world, opening up windows that give access 
to vast amounts of information (Collis & Verwijs, 1995a; Schoenmaker, 1993). 
This account of computer history also applies to agriculture (Blom & De Vries, 1990). 
Before 1980 computers were mainly used for extensive calculations, for instance in 
genetics. With the introduction of the PC, farmers started to use this type of 
computer, often for management purposes but also for process measuring and 
control. Dedicated computers for process measuring and control in agriculture have 
been developed, for example for animal feeding, for fruit picking, for manure dispersal 
and for control of greenhouse climates. 
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Computers in the curriculum 
Computers are related to and used in many varied activities in society. Also in 
education computers play a significant role. One of the more comprehensive 
classifications of computers in education, depicted in Figure 2 . 1 , is given by Forcier 
(1996, p. 6). 
student-centred 
learning 
information tool 
- t e x t 
- graphics 
- information 
retrieval & 
processing 
- multimedia 
learning 
computers in education 
1 
management computers in 
curriculum 
educational research 
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prescriptive 
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instruction 
X 
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instruction 
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• tex t 
• graphics 
- formative 
evaluation 
• courseware 
authoring 
Figure 2.1 Classification of computers in education (source: Forcier, 1996, p.6) 
This classification of Forcier is computer-centred and not learner-centred (Jonassen, 
Campbell & Davidson; 1994). In contrast, Collis (1990) reviews computer use in 
curriculum from the angle of the improvement of teaching and learning. Both the role 
of the computer and the improvement of teaching and learning are important to 
review when describing computers in curriculum. 
One of the classes in Figure 2.1 is the information tool category. Students use 
computers to assist them in their learning. The information handling, data processing 
and graphical capacities of the computer are used to support student learning; for 
example to facilitate independent learning, or to relieve students from routine tasks 
and enable an emphasis on the learning of higher-order cognitive skills. 
Another class is computer-managed instruction. The computer is used from a 
management perspective (registering, analyzing and judging student information to 
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assist student-related decision making). This perspective can be used by the school 
administration; then the emphasis is on record keeping to improve on administrative 
tasks. It can also be used by the teacher to improve student learning. The information 
that is registered and analyzed is about student learning can help both teacher and 
learner to decide on, for example, the selection of relevant assignments or additional 
topics to study. 
Computer-assisted instruction also represents a class in Figure 2 . 1 . The computer is 
used to perform instructional functions. Possible objectives are to increase the 
opportunities for students to practice and thus improve learning; to bring the outside 
world into the classroom and provide students wi th rich learning environments; or to 
adapt instruction to the individual student. 
In addition, a class of computer use in education can be referred to as computer 
literacy. Computers, computer programming, computer functions, the impact of 
computers on society and other aspects of computing are studied either in a computer 
science course or as a facet of other subjects. Computers are subject of teaching and 
learning and not instruments in the hands of the teacher or the learner. Curriculum 
innovation is aimed for by introducing computers as an important new subject in the 
curriculum. 
In the class of the design of teaching materials, the computer supports the design and 
preparation of teaching materials. Here the computer is predominantly a productivity 
tool for teachers. 
Courseware was described in section 1.2.1 (p. 4) as a package of learning materials 
consisting of educational software and accompanying supporting materials that is 
developed wi th the purpose to be used by students to learn. With this definition, 
courseware can be developed for the information-tool category, the computer-
assisted instruction category and the computer-literacy category. The other two 
categories do not contain computer applications that are directly meant for students 
to learn f rom. 
Section 1.2.1 used a different classification to describe the role of computers in 
curriculum; a classification that also is computer-centred: learning about computers, 
learning with computers and learning by means of computers {AOI, 1982). The 
classification in section 1.2.1 emphasizes the role of computers in learning and also is 
helpful to describe the role of computers in curriculum. 
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Motives for using computers in curriculum 
The improvement of learning is an important rationale for the use of computers. 
Hawkridge (1990) utilizes the term pedagogical rationale. This is not the only motive 
for propagating computer use. Teachers, school management, actors from the school 
support system, parents and other actors are involved, all bringing in their own 
backgrounds and motives. Next to the pedagogical rationale, other motives can be 
described (Hawkridge, 1990). In the social rationale the education of children to 
function adequately as citizens in a society, permeated with new technologies, is 
central. The vocational rationale stresses the importance of human capital building. 
Vocational workers of the future should be trained for employment in a society 
permeated wi th information technology. In the catalytic rationale the computers 
accelerate educational innovations that are already in process. The use of computers 
for example may facilitate enlarged administrative or managerial efficiency; it can 
accelerate the shift from mechanical activities and the mastering of simple knowledge 
to more complex cognitive skills; and it can intensify the individualization of 
instruction. Hawkridge (1990) also reports the information-technology rationale where 
the national computer industry is stimulated by purchasing large numbers of 
computers for use in the schools. The cost-effectiveness rationale argues that 
computers can reduce the cost of education. Pelgrum and Plomp (1991) add the 
opportunistic rationale where the expectation that the use of information technology 
attracts students is dominant. Anderson and Collis (1993) elaborate on these 
rationales and add, among others, the functionality rationale. The essence of this 
rationale is the ability to control one's resources to get things done, that is, to 
function effectively wi th one's information-related tasks. This rationale can be 
understood as resembling the social and vocational rationales but emphasizing the 
individual. 
Computers and the agricultural-vocational curriculum 
In this thesis, agricultural education is the context of the research. Computing is 
omnipresent in the agricultural vocations (Blom & De Vries, 1990). In agriculture, at 
least before and during the initial period of government-subsidised stimulation of 
computer use in agriculture, there is a concern for farm-management information 
processing: the gathering, processing and evaluation of farm-management information 
and using the evaluation results for important operational, tactical and strategic farm 
management decisions. Information modelling and task decomposition are important 
issues in the stimulation of developing computer applications in agriculture. An 
example is the information model on arable farming, developed by the experimental 
station for arable farming (Proefstation voor de Akkerbouw en Groententeelt van de 
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Voile Grond [PAGV], 1987). Many farm-management systems are built w i th the 
incentive to improve information processing on the farm in relation to management 
tasks {De Hoop, Engelsman & Wisselink, 1988). Next to computing for farm 
management purposes, process-control automatization is changing agriculture. This is 
obvious in technology-rich agricultural branches like greenhouse horticulture, but also 
holds for other branches like dairy farming and arable farming. 
The infusion of computing in agricultural practice puts pressure on both the 
agricultural curriculum and agricultural teachers to adjust the content of the subject 
areas they teach. Consequently, the vocational and the functional rationales are 
probably the more important ones in agricultural vocational education. Learning about 
computers is important in these rationales and can be realized in a separate computer-
education curriculum or by spreading computer-education competencies across 
relevant existing subject areas (Anderson & Collis, 1993). In agricultural education in 
the Netherlands a combination of both approaches is adopted. A course on general 
computing has been developed (Blom & Hartog, 1988). In this course emphasis is 
given to acquiring an awareness of information processing and the importance of 
information processing in everyday life, as well as attention for general computer-
handling skills and knowledge of components of computer systems. Also process 
control and farm management are dealt wi th (MANMF, 1986c, 1988b). The 
perspective is one of functional computer use (Anderson & Collis, 1993). Blom and De 
Vries (1990) mention several agricultural-computing objectives that are important in 
the agricultural curriculum. They discern four categories: 
a) general knowledge and skills regarding the use of personal computers; 
b) process automation and control (encompassing aspects such as operating 
relevant systems for process control and deciding upon the purchase of these 
systems); 
c) farm management (consisting of aspects like the input and retrieval of relevant 
information that support decisions regarding relevant agricultural tasks); 
d) decision making on the basis of relevant information (collecting, processing, 
storing and retrieving relevant information that supports on-farm or in-business 
decision making). 
In the governmental policies and programs that stimulate computer use in agricultural 
education, the vocational and functional rationales are emphasized (learning about 
computers). Nevertheless, other rationales are present in agricultural education in the 
Netherlands. To integrate agricultural computing in the curriculum there is a need for 
new learning materials. In the initial period of the introduction of computing in 
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agricultural education (1982 - 1987) computer programs were developed that 
simulated automated systems for process control. These programs presented students 
wi th simplified examples and helped them to understand the principles of process 
automation (learning by means of computers) Also, teachers developed spreadsheet 
applications to relieve students from cumbersome calculations and to support farm-
management decision making. These applications are used by students as tools that 
facilitate their learning (learning with computers). These examples illustrate a 
combination of the vocational and functional rationales and the pedagogical and 
catalytic rationales. Other examples show that the possibilities for using computers to 
improve learning are generally recognized: the use of computers in the practising of 
plant-name spelling, the development of a simulation to practice dairy-cattle breeding. 
In 1987 the Centre for Information Technology Support of Agricultural Education 
[CILO] is established and the initiative to develop courseware for agricultural 
education (the ESLO initiative) was started. The development of courseware in the 
ESLO initiative has three purposes (Blom, 1993b): 
a) integrate agricultural computing in the curriculum; 
b) exploit computers and information technology in the improvement of teaching 
and learning; 
c) integrate courseware development in the support structure of agricultural 
education. 
Computer use should not only contribute to preparing professionals for an agricultural 
practice permeated with information technology (vocational and functional rationales), 
but also contribute to improving teaching and learning (pedagogical and catalytic 
rationales). Although other rationales probably are present, they are less visible in the 
government policies and in the examples of computer use in agricultural education. 
Computers in curriculum in retrospect 
Computers offer an increasing functionality and play a significant role in agriculture as 
well as in education. Courseware for agricultural education concerns the use of 
computers as information tool, in computer-assisted instruction and in increasing 
computer literacy. All three categories of learning about, learning wi th and learning by 
means of computers are relevant. In agricultural education, students need to learn 
about computers to prepare themselves for an agricultural practice, permeated wi th 
computers. Vocational and functional rationales for computer use are clearly present, 
but also pedagogical and catalytic rationales can be observed in efforts to apply 
computers in the improvement of teaching and learning. 
22 CHAPTER 2 
2.2.2 Factors that influence use 
Use of computers 
The use of computers in education lags behind expectation, both in quantity and in 
quality. Pelgrum and Plomp (1991) report "that in many countries only a small 
percentage of teachers in secondary schools are using computers. An exception is the 
USA where almost half of the teachers in secondary schools use computers in their 
lessons" (p. 51). However, Becker (1994) estimates that in the USA only 5% of the 
teachers in primary and secondary education adequately integrate computers in their 
lessons. For vocational education data are lacking (Ten Brummelhuis & Plomp, 1994). 
With respect to the type of use in secondary education it appears that "computers are 
used mostly as add-on to the already existing curriculum in the form of teaching 
students how to use computers" (Pelgrum et al., 1993, p. 230). These findings are in 
contrast wi th the promises of computer use, as pictured in the previous section, as 
well as wi th the comprehensive stimulation programs that were launched from 1980 
until the present (Collis & Oliveira, 1990; Krins, Plomp & Scholtes, 1992). 
Interpretive frameworks 
Various authors have tried to understand and explain the use of computers in 
curriculum (Ten Brummelhuis, 1995; Fullan et al., 1988; Janssen Reinen, 1996; 
Moonen, 1995; Moonen & Kommers, 1995; Pelgrum & Plomp, 1 9 9 1 ; Veen, 1994) by 
using interpretive frameworks based on insights from educational innovation. 
Normally, these frameworks distinguish three stages within the process of educational 
innovation: adoption or initiation, implementation and institutionalization or continu-
ation (Fullan, 1982, 1 9 9 1 ; Miles, Ekholm & Vandenberghe, 1987). Each stage is a 
necessary step in the innovation process that leads to normal, institutionalized uses of 
the innovation. In addition, these interpretive frameworks often use different system 
levels, for example that of micro (the level of teaching and learning in the classroom), 
meso (the level of organised courses and curricula in schools), and macro (the level of 
the national educational system) (Pelgrum & Plomp, 1988). 
Educational innovation is interpreted as a multi-actor enterprise. Fullan (1982, 1991) 
describes different actors that are involved in educational innovation. Among them are 
students, teachers, parents, school principals, external support agencies, teacher 
training institutes and educational departments. For computers in curriculum Pelgrum 
and Plomp (1988) add departments within schools (for example the language 
department, science department), school board, inspectors, educational publishers 
(including software development institutes), and curriculum-development institutes. In 
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vocational education solid and influential contacts exist between school and the 
surrounding professional community and business, add community and business 
actors as well . Figure 2.2 gives an overview of the different actors. 
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Figure 2.2 Actors influencing the use of computers in curriculum 
Teachers as central actors 
In most of the interpretive frameworks, teachers are central actors since they decide 
on the use of computers (Fullan, 1994b; Moonen & Kommers, 1995). Fullan describes 
several major problems that prevent teachers from dealing wi th innovations 
effectively. One problem is that of overload caused by raised expectations and 
obligations. Another is the problem of isolation: Teachers work individually and have 
only limited access to new ideas and the better solutions of colleagues. Uncertainty is 
among the dominant feelings of teachers since they lack instruments to assess the 
effects of their actions. An additional problem is group-think (Fullan, 1994b): When 
collegiality prospers, faddism or resistance to change without critical reflection might 
become problematic. Because of the isolation and the group-think problems 
competence remains untapped and incompetence is neglected. Then there is the 
problem of the narrow definition of teacher's role, making it more difficult for teachers 
to start any innovation that challenges this role. And computers and curriculum do 
challenge teacher's roles (Hannafin & Savenye, 1993; Tobin & Dawson, 1992). Poor 
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or failed innovation projects only add to the former problems because the means to 
deal wi th the raised expectations are defective. Teacher receptivity to an innovation 
seems to be influenced by teacher's personal cost appraisal of the change, perceived 
practicality of the innovation in the classroom, perceived support for teacher roles at 
school, and alleviation of fear and uncertainties associated with the innovation 
(Moonen & Kommers, 1995; Waugh & Punch, 1987). 
Factors influencing computer use 
Teachers and other actors decide on adoption, implementation and institutionalization 
of computers in curriculum on the basis of relevant factors that influence the use of 
the innovation in practice (see for example the factors on adoption Fullan, 1991 ; 
Rogers, 1983; on implementation Fullan, 1 9 9 1 , 1994a; and on institutionalization 
Miles et al., 1987). This actor-factor-decision model has become an important part of 
the interpretive frameworks. Veen (1994) presents an overview of the important 
factors, grouped together in relation to the major actors. Figure 2.3 is based on this 
overview and on the work of Ten Brummelhuis (1995). 
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Figure 2.3 Overview of factors that influence the use of computers in curriculum 
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The opinions of teachers wi th regard to the role of the computer in their teaching and 
the role of the computer in the curriculum influence the decisions regarding computer 
use. For example, when a teacher views the role of computers in teaching to be 
surrounded wi th problems, a decision in favour of computer use is unlikely, 
introducing computers into present teaching requires the integration of computer use 
into present instruction and organisation of the use of computers in the classroom. 
Teachers need knowledge and skills wi th regard to teaching, the organisation of 
teaching and computer use for this introduction. Previous experiences wi th respect to 
computers in general and computers in curriculum both in school and in training 
determine knowledge and skills as well as opinions of teachers. These factors 
therefore influence computer use. 
Students' readiness to use computers is influenced by their needs for and previous 
experiences wi th computers. These are additional factors that influence teachers 
decisions on computer use. 
It is obvious that the availability, quality and quantity of courseware and hardware at 
school are important factors that influence teachers decisions on computer use. 
Another school-related factor is the culture at school. An innovative culture, for 
example, will stimulate teachers to consider using computers. And the degree to 
which the culture is characterised by cooperation will influence the already mentioned 
problems of isolation and group-think. 
School culture, hardware and courseware facilities, position of teachers are influenced 
by both school policy and organisation. A school policy that focuses on a limited 
number of specified common goals diminishes the overload problems of teachers. The 
policy on teaching personnel determines teacher's roles and thus the readiness of 
teachers to start innovations. Computer use is stimulated when the innovation policy 
encompasses the role of the computer in curriculum and when material resources are 
sufficiently available. School organisation can facilitate or complicate the introduction 
of computers. Aspects of concern are the leadership of the principal, the possibilities 
of information exchange, the clarity and decisiveness of decision procedures and the 
organisation of innovation procedures. 
Contextual factors also influence computer use. National policies on computer use will 
influence the opportunities for the school to facilitate computer use, for example 
through the supply of hard- and courseware or by means of teacher-training facilities. 
In addition, national policies can directly influence curriculum and therefore the use of 
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computers. External support can assist teachers during the introduction of computers 
in the curriculum. Schools also can mobilise this support to help formulate policies or 
to improve school organisation with respect to the introduction of computers. Parents 
may stimulate or thwart computer use. 
The relation between these factors and the use of computers by teachers has been 
extensively investigated (Ten Brummelhuis, 1995; Moonen, 1995; Tuijnman & Ten 
Brummelhuis, 1993) with the result that that it is not possible to isolate one factor or 
one set of interrelated factors that is responsible for the use of computers. There are 
large differences between countries and between subjects wi th regard to the relation 
between computer use and the supposed use-influencing factors. Apparently, 
depending on the context studied, a specific and dynamic set of interrelated factors 
influences the use of computers (Ten Brummelhuis, 1995). 
2.2.3 Educational innovation and curriculum development 
Domains 
Five domains of educational change are described by Wideen (1994) and Lagerweij 
(1987): curriculum development, school improvement, school effectiveness, teacher 
research and teacher development. Each domain can be characterised by the specific 
opportunities that are seized to improve education. Curriculum development focuses 
on better curriculum materials. School improvement puts the problems and internal 
conditions of one or more schools central. Improvement of school effectiveness 
focuses on student achievement and on the factors that can be related to student 
achievement. Teacher research puts the teachers in the role of a researcher and 
provides resources to help him research his own teaching. Teacher development 
focuses on the teacher as learner. The teacher is believed to be central in the process 
of innovation in contrast to the teacher as a means to implement innovations. The 
domains do not have well defined boundaries and combinations are likely. 
The domains can also be considered with respect to computers and curriculum. Collis 
and Oliveira (1990) list focal areas for national policies. These areas, which include 
the development of informatics or computer literacy courses, course development and 
hardware acquisition, are curriculum-oriented (curriculum content and curriculum 
materials). Apparently there is an emphasis on the curriculum orientation in the 
national policies. Other domains can also be encountered in the literature on 
computers and curriculum. Teacher training is often mentioned as one of the more 
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important factors that influence use (Brummelhuis & Plomp, 1994; Duguet, 1990; 
Krins et al., 1992; Thijsen, Van der Sijde, Collis, Plomp & Abbink, 1990). School 
organisation has been studied. Computers can offer tools for school management and 
administration support. Due to the use of computers in curriculum for the organisation 
of teaching and learning, the school organisation needs adaptation (Doornekamp, 
Cremers-van Wees & Vlas, 1992; Timmer, 1991 ; Visch & Versteegh, 1993; Visch, 
Versteegh, Spek & Felix, 1993). And the school is portrayed as the organisational unit 
that is preeminently equipped to implement computers in curriculum (Moonen, 
1989b). School effectiveness is at issue when achievements of students are central 
(Anderson & Collis, 1993; Kulik & Kulik, 1991). If teachers develop courseware, they 
do it on the basis of their own insights and experiences. They make these insights and 
experiences explicit when designing and developing courseware and they test them 
when testing the courseware. In this sense teacher- developed courseware is an 
example of teacher research. Teacher development also is studied from the point of 
view that teachers start a process of learning when they start using computers (Van 
den Akker, Keursten & Plomp, 1992; Keursten, 1994). This indicates that computers 
and curriculum, when interpreted as educational innovation, includes aspects of all 
five domains wi th emphasis on a curriculum orientation. 
Levels of curriculum development 
A curriculum can be described, studied or developed at three different levels. At the 
national or macro level policies, plans and documents regarding the curriculum are 
generated and decided upon. These policies, plans and documents often are school-
type specific, for example specific for agricultural education. The meso level concerns 
the curriculum at school level. School policies, school work plans, and other 
documents determine the curriculum at school level. The micro level is that of the 
actual teaching and learning and encompasses teaching and learning materials and 
teaching methods. 
Consequently, the integration of computers in curriculum occurs at these three levels. 
These levels can be recognized in Figures 2.2 and 2.3. The macro level concerns 
policy aspects such as: a separate curriculum on computing or an approach that 
emphasizes the integration of computing in existing subjects; determination of 
relevant qualifications in relation to computing; hardware acquisition support; national 
courseware-development projects; national courseware evaluation or certification 
procedures; teacher-training facilities (Collis & Oliveira, 1990; Duguet, 1990). At the 
meso level, schools have plans or policies regarding the integration and use of 
computers in curriculum. These plans concern hard- and software acquisition; 
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technical computer assistance; initiation and support of teacher training; and initiation 
and support of innovation projects concerning the integration of computer use in 
teaching. Teaching methods, and teaching and learning materials are central at the 
micro level. At this level courseware development by teachers or by specialized 
centres for courseware development is relevant, as well as the actual teacher 
activities that aim at integrating computer use in teaching and learning. 
These three levels are tightly interwoven and all have their influence on courseware 
development. For example, assumptions with regard to hard- and software resources, 
maintenance of these resources, teacher skills and student skills play an important 
role during courseware development. These factors are influenced by curriculum-
development measures from the three levels. Learning objectives and teaching 
methods are central to courseware development and to a considerable extent 
determined by curriculum development at the meso and macro levels. 
Approaches: focus of development 
Short (1983) gives a matrix of three dimensions to identify different curriculum-
development approaches. The first dimension concerns the focus of development. 
This dimension pertains to site-specific (local development) or generic development 
(developing for many localities in curriculum-development centres). The locus of 
decision making can be user-based or externally-based (Short, 1983, p. 45) . The 
bottom-up and top-down approaches that are distinguished in the literature on 
educational change (Fullan, 1993, 1994b; Wideen, 1994) to a large degree concur 
wi th this dimension. In the top-down approaches central actors, such as the 
government or a central curriculum committee, often assisted by educational 
researchers, guide and govern the innovation process. In the bottom-up approaches 
local actors, for example teachers and parents, are given a central role in guiding and 
governing the innovation process. When categorizing national computer-related 
policies, Collis and Oliveira (1990) also distinguish between top-down and bottom-up 
approaches. They illustrate that both approaches are used when computers are 
introduced in the curriculum and that the dimension of the focus of development is 
relevant in this respect. 
Approaches: realities of use 
The second dimension described by Short (1983), refers to the realities of use: "the 
realities of teaching and learning that exist in the actual settings for which the 
curriculum under development is intended" (p. 46). The degree to which the 
curriculum-development process takes into account the realities of use is the subject 
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of this dimension. Three categories are defined: implemented as directed, limited 
adaptation and open adaptation. Or put in a different wording: the teacher-proof 
curriculum approach, wi th teachers as active implementers and teachers as user-
developers. The fidelity- and mutual-adaptation approaches, described in the 
innovation literature (Fullan, 1982; Fullan & Pomfret, 1977), coincide with the 
categories of teacher-proof curriculum development and of curriculum development 
wi th teachers as active implementers. Short adds the third category of user-
development or user-driven development. The work on adaptability and portability of 
courseware (Collis & De Diana, 1990; De Diana & De Vries, 1990) indicates that both 
fidelity- and mutual-adaptation approaches are present in computer-introduction 
approaches. A relevant example of user development with respect to courseware 
development is teacher-authored courseware (Maddux, 1992): Teachers as users 
develop their own innovation product. 
Approaches: expertise 
The third dimension (Short, 1983) refers to the type of expertise that dominates a 
curriculum-development approach. Short differentiates between expertise on subject 
matter, on curriculum development, on the social-cultural contexts in which education 
takes place, on teaching practices and expertise on the educational potential of 
students. Questions regarding the expertise to include in courseware development are 
often addressed in the literature on courseware development (Van der Mast, 1995; 
Moonen, 1989a). Apparently this dimension is relevant to courseware development. 
Approaches: product and process 
Another distinction in different approaches stems from the innovation literature and 
concerns the product-oriented approaches and process-oriented approaches (Fullan, 
1 9 9 1 , 1994a; Lagerweij, 1987). In the product-oriented approaches the focus is on 
innovation products such as curriculum materials. The process-oriented approaches 
focus on the processes that initiate, facilitate, stimulate and guide innovation. For 
example, teacher evaluation among colleagues can be introduced in order to stimulate 
improvement of teaching. Often, when studying computers and curriculum, a product 
focus is employed, for example in studying student achievement (Anderson & Collis, 
1993; Kulik & Kulik, 1991). The product focus is definitely not the only type of focus. 
Among the rationales for using computers, as described by Hawkridge (1990) and 
Moonen (1986b), is the catalytic rationale, where computers are introduced because 
they catalyze ongoing processes of educational change. Recent articles on courseware 
development increasingly emphasize the importance of seeing "educational software-
development in the context of organisational change processes" (Schoenmaker, 1993, 
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p. 192). The process focus is also employed. 
Approaches: scale and ambition 
The innovation of computers and curriculum is often pictured as promising, 
multifaceted and difficult (Collis et al., 1993; Pelgrum & Plomp, 1993). It is 
challenging to embark on large-scale innovation projects, wi th goals that have a large 
innovative power. The innovation, the introduction of computers in curriculum, is 
promising enough to legitimize such an approach. Besides, attempting major changes 
accomplish more than small changes (Crandall et al., 1982). However, large-size 
changes are difficult to implement, specially with multifaceted and difficult 
innovations that have high ambition levels. The danger of overreaching is a threat 
(Huberman & Miles, 1984). The balance between innovativeness and manageability is 
often difficult to assess. "The greatest success is likely to occur when the size of the 
change is large enough to require noticeable, sustained effort, but not so massive that 
typical users find it necessary to adopt a coping strategy that distorts the change" 
(Crandall, Eiseman & Louis, 1986, cited in Fullan, 1991 , p. 63). The dimension of the 
balance between scale and ambition is important to consider when dealing with the 
introduction of computers in education. 
2.2.4 Summary: understanding computers and educational innovation 
Section 2.2 focuses on the introduction of computers in the curriculum as an 
educational innovation in order to contribute to a theoretical frame of reference that 
helps to describe, understand and explain the problem of disappointing use from the 
perspective of courseware developers. 
The use of courseware in agricultural education concerns learning wi th computers, 
learning by means of computers and learning about computers. Three categories 
(computer literacy, the computer as information tool, and computer-assisted 
instruction) are relevant to investigate. Four important rationales for the use of 
computers in agricultural education are distinguished. The vocational rationale 
emphasizes the preparation of students for an agricultural practice permeated wi th 
computers. Students need to learn about, for example, farm-management systems 
and process automation. The functionality rationale stresses the importance of 
effective and efficient performing of information-related tasks such as the gathering 
and analyzing of data for farm-management decisions. In the pedagogical rationale the 
improvement of teaching and learning is central, for example in individualizing 
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instruction, or in providing opportunities for additional exercises. The catalytic 
rationale refers to computer use that enables an acceleration of educational 
innovations that are already in process such as the stimulation of independent 
learning. 
The use of computers is behind expectations. A multi-actor, multi-factor decision 
model is presented as a theoretical framework that is derived from the literature on 
educational innovation. Teachers are the central actors in this model. The other 
relevant actors are depicted in Figure 2.2. This model distinguishes three levels of 
decision making: the contexts of the schools at the national level, the level of the 
schools and the level of teaching and learning. The factors that possibly influence 
computer use are portrayed in Figure 2.3. 
The innovation literature distinguishes five domains of educational change: curriculum 
development, school improvement, school effectiveness, teacher research, and 
teacher development. When considering computers in curriculum as educational 
innovation, all domains show some relevance, wi th curriculum development as the 
most important domain. 
Both the literature on educational innovation and on curriculum development describe 
contrasting approaches. Five major dimensions are outlined that can be used to 
describe different approaches for courseware development: 
a) focus of development: Is the development generic or focused on specific 
situations? 
b) expertise: What expertise is mainly used in courseware development? 
c) reality of use: Is the product used as developed, adapted or developed by the 
users themselves? 
d) process versus product: Is the development oriented towards the courseware 
product or towards the innovation process? 
e) scale and ambition: What is the balance between scale and ambition in 
courseware development? 
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2.3 Courseware development 
2.3.1 Descriptive framework 
Courseware is described in chapter 1 as a package of learning materials, consisting of 
educational software and accompanying supporting materials, that is meant to be 
used by students to learn. Figure 2.1 depicts possible uses of computers in education. 
Courseware mainly concerns the use of computers as information tool, in computer-
assisted instruction or in increasing computer literacy. Courseware is the result of 
courseware development. There is no standard description of courseware 
development; different authors present different methods of courseware development 
(De Diana & Van Schaik, 1993; Hannafin & Peck, 1988; Hartemink, 1988; Van der 
Mast, 1995; Moonen & Schoenmaker, 1992; Venezky & Osin, 1991). Almost all 
methods are the result of experiences of the authors wi th courseware development. 
This indicates that the context of courseware development at least partly influences 
the different activities that constitute courseware-development practice. The context 
of the research in this thesis is agricultural education in the Netherlands. 
To improve the understanding of the process of courseware development, different 
aspects of courseware development have been reviewed, that together build a 
framework for the description of courseware development. When comparing different 
methods for courseware development it is obvious that the methods all use different 
perspectives (Blom, 1993b). For example, some methods rely heavily on the software-
engineering perspective, while others stress instructional development. The 
perspective of courseware development is an important aspect. Most methods for 
courseware development give prescriptions regarding the following aspects: 
intermediary products, the persons responsible for the product, and the sequence of 
the relevant products. De Diana and Van Schaik (1993) use a framework consisting 
of: tasks wi th respect to courseware development, agents, courseware products, 
tools and contexts. Bulthuis and Trompper (1989) report a framework constructed of 
the dimensions activities, actors and resources. There is obvious agreement on the 
importance of the following aspects: activities, roles, resources and (intermediary) 
products. In this thesis a framework consisting of the following aspects is employed: 
activities, perspectives, the sequence of activities, roles, resources, and intermediary 
products. 
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Activities 
Possible activities that constitute courseware development are frequently listed in the 
literature on courseware development (Van der Mast, 1995). In most of these lists 
instructional-problem solving and systems-design approaches can be observed in a 
sequence of activities that is similar to the following: analyze, specify, design, 
produce and evaluate. For example. Van der Mast (1995) uses the activities: analyze 
the problem, execute a feasibility study, design instruction, design software, design 
other materials, produce intermediate product, evaluate intermediate product, produce 
final product, implement final product, maintain and use final product. In an attempt 
to develop a descriptive framework for learning-systems development, Bulthuis and 
Trompper (1989) not only include development-related activities, but also 
management-oriented activities. Their list consists of the activities manage, facilitate, 
supply, develop, distribute, use and evaluate. Since in this thesis management of 
courseware development as well as the development itself is studied, both need to be 
included. The following groups of activities are used to describe courseware 
development: manage, supply resources, develop instruction and software, distribute 
and maintain, and implement or introduce (Blom, 1993b). Each of these groups can be 
specified in more detail when necessary for an accurate description of courseware 
development. 
Perspectives 
Another important determinant is the perspective of the courseware development 
team (Blom, 1993b). The perspective focuses the project team, or project team 
members, on what they believe to be the most important goals of courseware 
development and the team select their activities within the limits of practicality 
accordingly. Blom (1993b) distinguishes four such perspectives. The first perspective 
interprets courseware development as a specific instance of instructional development 
(Bunderson, 1970; Hannafin & Peck, 1988; Hunter, 1989; Koper, 1989; Roblyer, 
1 9 8 1 ; Romiszowski, 1986). Emphasis of this perspective is on the design of learning 
materials that allow for improved instruction. The second perspective stresses the 
importance of software engineering (Chen & Shen, 1989; Project Software 
Development for Computers in Education [POCO], 1989; Schoenmaker et al., 1990). 
Here the emphasis is on software quality and realizing innovative capabilities of 
information technology. The integration of instructional design and software 
engineering is also propagated (Collis & Gore, 1987; De Diana & Van Schaik, 1993; 
Kearsly, 1983; Moonen & Schoenmaker, 1992). In the third perspective the 
importance of project management in courseware development is recognized (Darabi 
& Dempsey, 1989; Hartemink, 1988; Project Implementation of New Technologies 
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[PRINT], 1990; Rijnsburger, 1989). The emphasis of this third perspective is on 
fulfilling the courseware-development assignment within the constraints of available 
resources. In addition, the disappointing use of the courseware in practice is for 
several authors an important incentive to promote increased attention during 
courseware development for aspects of innovation (Van den Akker et al, 1992; Ten 
Brummelhuis, Pelgrum & Plomp, 1990; Keursten, 1994). This fourth perspective 
might be called the innovation perspective or the perspective of increase-use-in-
practice (Collis & Verwijs, 1995b). 
Sequence of activities 
Courseware development is often pictured as a linear or cyclic sequence of several 
stages (De Diana & De Vries, 1990; Van der Mast, 1995; Moonen & Schoenmaker, 
1992). Such a product-development sequence describes the different relevant groups 
of activities (De Diana & Van Schaik, 1993). Most descriptions of stages of 
courseware development are based on the idea that courseware development is 
essentially a matter of product development and can be portrayed as a linear (or 
cyclic) sequence of activities, characterized by the stages of the product life cycle. 
However, different available descriptions of the stages of courseware development 
often do not f i t the actual projects. Even though different stages are distinguished in 
courseware development, it appears impossible to assign different activities into 
separate sequential stages of courseware development (Flagg, 1990; Preece, 1994; 
Schoenmaker, 1993; Tessmer & Wedman, 1990). A courseware-development team 
usually passes several times through the various stages of the courseware-
development process and repeats specific activities from these stages. Each repetition 
adds to the product that is in development. This repetitious process is called iteration, 
both in instructional design (Banathy, 1987) and software engineering (Hix & Hartson, 
1993). 
Another approach to courseware development that recognises this iteration, focuses 
on the design process (Banathy, 1987; Keursten, 1994). Banathy describes 
instructional design as a progressive refinement of intermediary products 
(specifications, prototypes, paper designs, etc.), by means of recurring analysis, 
synthesis and evaluation. This process starts with an idea of purpose and a set of 
organising perspectives (compare the four perspectives mentioned above). The 
designer draws information from different sources, such as the context in which the 
future product will be used and the organised relevant knowledge (content knowledge, 
instructional design knowledge, possibly formulated as prescriptions). 
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The star life cycle (Preece, 1994) is a graphic integration of both the life-cycle 
approach and the design approach. At the centre is the continuous design cycle of 
analysis, synthesis and evaluation. This cycle triggers the execution of different 
groups of activities, more or less following the product life cycle: orientation 
(conceptualization and analysis), design and production (specification, product design, 
prototyping, formative evaluation and production), introduction and implementation, 
and use of a courseware package. This last stage includes product evaluation. The 
star life cycle for courseware development, as depicted in Figure 2.4, outlines both 
the process and the product development views on courseware development. 
Activities are executed by participants of courseware development. Each actor on the 
stage of courseware development plays one or more roles. The following roles often 
are distinguished within a project team: project manager, subject matter specialist, 
teaching practice specialist, instructional designer, system designer, programmer and 
teacher (Bulthuis & Trompper, 1989; Hartemink, 1988; Koper, 1989). The project 
team does not operate on itself but is related to a larger system of curriculum 
development. 
Activities are executed while using resources. These resources encompass personnel, 
expertise and facilities. Also the explicit methods that are used, the techniques applied 
and the tools employed are among the resources (Nienhuis, Bergers, Schoenmaker, 
Harmsen & Scholten, 1991). 
Figure 2.4 The star life cycle for courseware development 
Roles 
Resources 
3 6 CHAPTER 2 
Intermediary products 
In most courseware-development guides, each stage of courseware development ends 
wi th one or more specific products (Hannafin & Peck, 1988; Hartemink, 1988), such 
as analysis reports, design documents, prototypes, software and manuals. A list of 
possible intermediary products is: analysis of curriculum and instruction, analysis of 
context of instruction, implementation characteristics, project description, 
instructional design, functional design, program design (including prototypes), 
courseware in a test version, reports on tests and evaluations. 
Courseware-development method 
A courseware-development method describes what should be done to develop 
courseware. A method is laid down in a set of explicit prescriptions or implicit 
assumptions regarding aspects described above: the perspective of courseware 
development, the different activities of courseware development, their sequencing, 
the actors that fulfil these activities, the resources that are used, and the intermediary 
products to be developed. Courseware-development techniques can be described as 
ways of modelling. During the courseware development one tries to specify, design 
and produce a specific product. Techniques are used to obtain an increased 
understanding of this specific product by modelling aspects of the product, for 
example modelling the subject matter, modelling the user interface and modelling data 
structures within the software. Tools are software instruments used during 
courseware development, such as authoring systems and computer languages. 
Prescriptions 
The different explicit prescriptions that are used in a specific courseware development 
project give a representation of the courseware-development method used. Next to 
these prescriptions, the implicit assumptions also contribute to the actual courseware 
development method. 
Prescriptions for courseware development can refer to the activities to perform in a 
given situation, to the sequence of these activities, to the resources needed or 
resources to use, to the distribution of roles among actors, and to the intermediary 
products to produce. Most prescriptions for intermediary products are stated in terms 
of courseware characteristics or courseware quality prescriptions. The degree in 
which the prescriptions actually prescribe courseware development varies. Preece 
(1994) uses the distinction between principles and rules to indicate the difference 
between general prescriptions that need interpretation and strict prescriptions that can 
be applied without further translation. 
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2.3.2 Problems in courseware development 
The preceding section presented a general framework for describing and 
understanding courseware development. This section focuses on problems in 
courseware development. 
User-based or professional-based courseware development 
The question whether teachers themselves should develop courseware has been 
frequently asked (Maddux, 1992; Moonen, 1987; Roblyer, 1981). Often the answer 
is negative. An important argument is that teachers lack the expertise to develop 
quality courseware. It is the instructional-design expertise, content expertise and/or 
professional computer programmers expertise that is lacking (Geisert & Futrell, 1990; 
Moonen, 1987; Roblyer, 1981). Moonen (1987) suggests that the products of 
teacher authoring do not originate new ideas with regard to the use of computers wi th 
teaching and learning, and that often the products do not contribute to structural 
change. Moonen (1987) and Roblyer (1981) favour professionally developed 
courseware that, after production, is implemented in curriculum, for example by 
strategies like the Ontario exemplary courseware strategy (Pike, 1984). 
When teachers start developing their own courseware, they do so because they 
cannot find appropriate packages that suit their needs, or because it is too expensive 
to have courseware professionally developed. Many experienced teachers show a 
desire to develop their own educational materials of all kinds (Lockard, Abrams & 
Many, 1990; Maddux, 1992). Apparently profesionally-developed courseware does 
not guarantee the use of courseware. Courseware-quality characteristics related to the 
use of courseware in teaching practice are also of importance. 
Some ways are found to combine user-based and professional-based courseware 
development. Authoring systems may provide the tools to replace programmer 
expertise and wi th that help, teachers might produce courseware of acceptable quality 
and perceived practicality (Maddux, 1992). Another way out is to try and find a 
suitable combination of teacher-based development and professional-based 
development. It is possible to conceive of a range of combinations of teacher-
developed courseware and professionally-developed courseware: involve teachers in 
professional-courseware development (which is propagated by many courseware 
developers), involve professionals in teacher-based courseware development (Timmer, 
1993), and the range of possibilities in between these two . A different combination of 
teacher- and professional-developed courseware is created when a professionally-
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developed product allows for modification by teachers, as suggested by Moonen 
(1987) and Moonen and Schoenmaker (1992). De Diana and De Vries (1990) also 
favour this approach by advocating "adaptable courseware". The reasons for adapting 
courseware in their v iew, are that the learning process needs to be individualized and 
that often a particular group of learners might require an adapted version of an 
existing product. They built two extra stages into the courseware life cycle, the 
stages of adapt-before-use and adapt-after-use, in order to emphasize the importance 
of adaptation. 
Courseware development and expertise 
Many disciplines are of importance in courseware development (Van der Mast, 1995; 
Moonen, 1989a). Often mentioned are expertise on subject matter, on teaching 
practice, on instructional design, on software engineering, on project management, on 
the use of media, on media development and on teaching contexts (De Diana & Van 
Schaik, 1993; Van der Mast, 1995). Within software engineering the expertise wi th 
respect to user-interface design and development, database design and development 
and simulation design and development are frequently indicated. This raises questions 
like: What expertise should be employed in a courseware development project and 
how should this employment be organised? 
There is agreement on the two founding disciplines of courseware development: 
instructional design and software engineering (De Diana & Van Schaik, 1993; Moonen 
& Schoenmaker, 1992; Schoenmaker et al., 1990; Venezky & Osin, 1991). Expertise 
on teaching practice also is important, and either implicitly included in the expertise on 
instructional design or specifically mentioned in literature on courseware development. 
Apparently the three domains of instructional design, teaching practice and software 
engineering are necessarily included in any courseware development process. 
Van der Mast (1995), Moonen (1987) and Moonen and Schoenmaker (1992) use a 
distinction of four different approaches of courseware development: the individual 
approach (individual teachers develop courseware); the team approach (a team of 
teachers, instructional designers, and software engineers develop courseware); the 
project approach (a team approach, completed with expertise on project management) 
and the industrial approach (a project approach on a large scale including procedures 
for quality assurance). This suggests that a larger number of experts can join the 
project team when the scale increases: Large projects can incorporate more diverse 
expertise than small projects. Moonen and Schoenmaker (1992) suggest a difference 
in expertise-input, depending on the stage in the product life cycle: an individual. 
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teacher-based approach during the earlier (feasibility and design) phases and a project 
or industrial approach for the later phases in the life cycle. 
The expertise to be used during courseware development does not necessarily need to 
be delivered by an expert. It might also be provided by methods, techniques and tools 
for courseware development. An example already mentioned is that of authoring 
systems that partly alleviate teachers from different kinds of programming tasks. The 
expertise on programming is provided by the authoring system and is made available 
for use by teachers. Another example are the different courseware- development 
guides (Van der Mast, 1995). 
Courseware development and communication 
The rationales for introducing computers in the curriculum have been described in 
section 2 . 2 . 1 . A variety of these rationales can be present in a courseware develop-
ment team. The communication between the different actors involved in courseware 
development is repeatedly reported as one of the bottlenecks in courseware 
development (De Diana, 1988; De Diana & Van Schaik, 1993; Van der Mast, 1995; 
Moonen, 1990; Moonen & Schoenmaker, 1992). The sources of this bottleneck are 
twofo ld . One source is the variety of disciplines and conceptual frameworks that 
contribute to courseware development. The other source are the different ambitions 
and motives among the actors involved in courseware development. 
The influence of the first source can be minimized by standardizing the communica-
tion, for example through the use of specific techniques. However, different authors 
supply arguments that standardizing only has limited possibilities. One of the major 
areas of communication problems is that of the communication between teachers and 
professional courseware developers. Teachers often have difficulty in envisioning the 
possibilities and opportunities of computers in curriculum (Moonen, 1987). 
Professional courseware developers often have problems in picturing the practical 
constraints of everyday teaching (Keursten, 1994). Discussing courseware designs 
wi th respect to the exploit of the computer's technological opportunities and with 
respect to the practicality in everyday teaching poses problems. 
The second source of communication problems also is difficult to handle. Negotiating 
clear goals of the courseware development project is a possible approach, but difficult 
because of the complexity of the goals involved. Both sources can be decreased by 
reducing the number of actors involved. 
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Courseware development and prescriptions 
Due to the many disciplines relevant to courseware development, large numbers of 
prescriptions are available that possibly are of relevance to courseware development. 
There are different instructional-design models and handbooks (for example see 
Andrews & Goodson, 1980; Gustafson, 1991 ; Romiszowski, 1 9 8 1 , 1984, 1986). 
Many guidelines for software engineering are available (Wassermann, Freeman & 
Porcella, 1983). The domain of user-interface development in itself contributes 
astonishing numbers of prescriptions (Nielsen, 1993). Apparently the source of 
relevant organised knowledge is very extensive. It is difficult for a courseware-
development project to locate and select relevant prescriptions. 
To relieve the projects from this difficulty, a courseware-development method can be 
adopted or constructed. The method embodies relevant prescriptions, and thus the 
selection has been taken care of in advance. Another approach (Tessmer & Wedman, 
1990, 1992) tries to guide the process of selecting prescriptions. This "layers of 
necessity" approach suggests that not all theoretically relevant prescriptions need be 
applied. Subsequent layers represent prescriptions of an increasing degree of 
specification. Courseware developers should consider the reasons for accessing an 
ensuing layer: Only reasons that originate from courseware-development practice 
legitimise each step. 
Courseware development and evaluation 
The problems of disappointing computer use in practice did not remain unnoticed 
among courseware developers. Evaluation, summative and formative, in most 
methods for courseware development, is therefore among the important activities. 
When evaluation is placed as a separate stage of the product life cycle, summative 
evaluation is normally meant. The purpose is to evaluate the use of the product in 
order to either improve the next version of the product and its use or to withdraw the 
product from use. 
Formative evaluation should also be part of courseware-development method 
(Burkhardt, 1992; Flagg, 1990; Gillis, 1986; Hannafin & Peck, 1988; Keursten, 1994; 
Moonen, 1989a; Reiser, 1987; Roblyer, 1981). The central questions in formative 
evaluation are: Will the product function according to the specified design and what 
needs to be done to improve this functioning? The search for formative evaluation 
techniques applicable in earlier stages of courseware development is not easy because 
it is difficult to communicate premature designs and intermediary products to 
prospective users. Prototyping has become one of the more important techniques that 
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allow for evaluation early in the courseware-development project (Flagg, 1990; Tripp 
& Bichelmeijer, 1990). 
Although formative evaluation is thought to be important, it is little employed in a 
systematic way {Collis & Verwijs, 1995b; Flagg, 1990; Keursten, 1994; Moonen, 
1989a; Moonen & Schoenmaker, 1992). Several reasons are mentioned for not 
employing formative evaluation {Moonen, 1989a; Flagg, 1990). Courseware 
development is put under time pressure which leaves little time for formative 
evaluation. The limited budget for courseware development does not allow for 
formative evaluation. Some projects are difficult to evaluate since the objectives are 
difficult to measure, for example because the courseware has long-term effects or 
because the courseware produces effects for which assessment instruments are 
lacking. Courseware developers may resist formative evaluation because they are too 
proud or too insecure to put their product to the test or they feel that formal testing 
might kill creativity. And courseware developers might be ignorant of techniques for 
formative evaluation. 
The concept of evaluation is also used in a different sense. In Figure 2.4, courseware 
development was portrayed as product development but also as a continuous design 
process: a progressive refinement of intermediary products by means of recurring 
analysis, synthesis and evaluation. Evaluation, when used in this context, is not a 
specified activity related to a completed intermediary product, but it is part of the 
continuous cycle of design decisions that lead to the progressive refinement of 
intermediary products (Wilson & Clarke, 1993). This type of evaluation is decision-
oriented (Flagg, 1990; Stufflebeam & Webster, 1980; Walker, 1992; Whiteside, 
Bennet & Holtzblatt, 1988) and used by courseware designers continuously. At the 
beginning of the courseware development project designers evaluate first ideas on the 
design by discussing these ideas wi th teachers as prospective users, and by 
comparing these ideas wi th what is known about the specific design problem at hand. 
In a later stage this type of evaluation partly coincides with the formative evaluation 
approaches mentioned before, as far as the leading design question refers to the 
functioning of the design in practice. 
The calls for an increased involvement of teachers during development (Moonen, 
1987; Pelgrum et al., 1993; Schoenmaker, 1993) or the development of courseware 
from the perspective of teachers (Timmer, 1993) also stress the importance of 
formative evaluation. The literature in this respect yields different techniques (Flagg, 
1990), such as rapid prototyping (Tripp & Bichelmeyer, 1990), walkthroughs (Bias, 
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1994) and story boarding (Joliffe, 1990). Tessmer (1990) points at environmental 
analysis as a neglected stage early in the instructional-design process. This omission 
results in theoretically sound but practically unusable products. Farquhar and Surry 
(1994) suggest adoption analysis wi th a content that is similar to the content of the 
environmental analysis suggested by Tessmer. Collis and Verwijs (1995b) suggest 
that the focus of the design process should primarily be on future usage (increase-use-
in-practice) instead of successive intermediary products. Continuous evaluation from 
the increase-use-in-practice perspective is part of the design process. 
2.3.3 Courseware quality and use 
Courseware quality is among the many factors that influence the use of courseware, 
and it is one of the few factors that can be influenced by courseware developers to 
increase use in practice. This section outlines the aspects of courseware quality in 
relation to courseware use. 
Courseware quality 
It is impossible to combine all aspects of courseware into one uniform indicator of 
courseware quality. Often, two categories are distinguished: technical quality and 
instructional quality of courseware (OECD, 1989). With respect to technical quality, 
the quality of the software as well as the quality of the product architecture can be 
inspected (Ladhani, 1995). Instructional quality encompasses the quality of content 
materials and the quality of instructional methods (Ladhani, 1995). And these 
different aspects can subsequently be divided into more detailed aspects leading to a 
tree-like structure of courseware-quality aspects. What aspects are selected as being 
important for the quality of the courseware depends on the viewpoint of the 
courseware evaluation (Smith & Keep, 1988). 
Viewpoints of courseware evaluation 
The viewpoints vary wi th each courseware evaluation (Smith & Keep, 1988). Course-
ware is frequently evaluated from the following three viewpoints: 
a) courseware acquisition by teachers (Bitter & Wighton, 1987; OECD, 1989; 
Woodward, 1985); 
b) formative evaluation during courseware development by courseware developers 
(Flagg, 1990); 
c) summative evaluation with regard of the attainment of learning objectives (Kulik 
& Kulik, 1991). 
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Each specific courseware evaluation viewpoint results in relevant courseware quality 
aspects. These three viewpoints of courseware evaluation have a product focus in 
common. 
Product evaluation is one of the steps in most product development life cycles. In the 
design approach, evaluation also occurs as part of the continuous design cycle of 
analysis, synthesis and evaluation (Figure 2.4). This implies that the designer 
continuously keeps alert to indicators of the quality of the courseware during the 
design process. What aspects of courseware quality are central depends on the 
perspective of the designer. Section 2.3.1 described four perspectives: instructional 
development, software engineering, project management and increase-use-in-practice. 
The perspectives of instructional development and of software engineering are 
connected wi th aspects of instructional quality and technical quality. Quality from the 
project-management perspective is related to the attainability of the courseware 
product within the project constraints: time, expertise, financial resources, facilities. 
The perspective of increased-use-in-practice as a perspective of courseware 
development is relatively new (Collis & Verwijs, 1995b), but several authors do 
mention courseware product characteristics that contribute to use in practice. 
Courseware product characteristics and increase-use-in-practice 
The research on courseware development and courseware evaluation in relation to use 
in practice leads to several suggestions with respect to courseware characteristics 
that increase use in practice. These suggestions can be grouped into four categories: 
successful first use; integration in curriculum; integration in teaching practice; leading 
ideas. 
Successful first use is propagated (Van den Akker et al., 1992; Keursten, 1994) as 
crucial for increasing use in practice. "Based on these successful experiences, 
teachers acquire clarity about the meaning and potential of the innovation, gain 
confidence in their own competence, and develop their own view of the appropriate-
ness of the innovation for their students and themselves" (Van den Akker et al., 
1992, p. 74). This first use is successful "when teachers are able to prepare and 
execute lessons based on the courseware in a way they themselves see as 
worthwhile and practical; when crucial aspects of the lessons reflect the intentions of 
the courseware designers; and students attain the desired learning results" (Keursten, 
1994, p. 174). Courseware should facilitate these experiences. Courseware 
characteristics related to successful first use are: 
a) the courseware provides (validated) convincing information with regard to its 
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contribution to curriculum, its usability and its effectiveness (Roblyer, 1988); 
b) the computer applications are short and well organised (Van den Akker et al., 
1992; Keursten, 1994); 
c) the how-to-do-it advice is carefully designed and validated, and focused on 
essential but vulnerable elements of the courseware in the different courseware 
components (Van den Akker et al., 1992; Keursten, 1994); 
d) the courseware supports lesson planning by providing a clear orientation to the 
teaching task, by pointing out critical features of the computer-assisted lessons, 
and by making suggestions for dealing with emergent problems during instruction 
(Keursten, 1994). 
Courseware should support integration by teachers of computer use in curriculum. 
Important characteristics for this are: 
a) the courseware is adaptable (De Diana & De Vries, 1990; Kanselaar et al., 1986; 
Moonen & Schoenmaker, 1992); 
b) the documentation of the courseware is informative with respect to integration in 
curriculum (learning objectives, instructional strategy, target group) (Kanselaar et 
al., 1986); 
c) the documentation guides use in practice (Kanselaar et al., 1986). 
The integration of computer use in teaching practice is encouraged when the 
courseware (Kanselaar et al., 1986; Woodhouse & Jones, 1988): 
a) is congruent wi th teaching practice with respect to lesson-time and classroom 
organisation; 
b) is easy to learn; 
c) is easy to use; 
d) requires minimal lesson preparation time; 
e) requires minimal teacher time and teacher attention during lessons for course-
ware; 
f) requires minimal follow-up activities; 
g) encompasses informative documentation wi th respect to instructional charac-
teristics of use; 
h) encompasses informative documentation with respect to technical characteristics 
of use. 
Timmer (1993) focuses on leading ideas with respect to curriculum innovation that 
can be emulated in courseware. Two examples of leading ideas are: Use computers to 
create equal opportunities in education, for example by creating added possibilities for 
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practice and help; integrating information technology in existing subjects enables 
tuning of the curriculum to the changing vocational world. Teachers can recognize 
these leading ideas as important for their teaching and thus become motivated to start 
using the courseware. 
2.3.4 Summary: courseware development in retrospect 
Courseware development is described as a process consisting of activities that result 
in intermediary products and an end product. These activities are executed in a 
sequence, by actors that contribute to courseware development, while using 
resources. An important determining aspect is the courseware development 
perspective. Four perspectives have been described, that of software engineering, 
instructional design, project management and increased-use-in-practice. Prescriptions 
are the guidelines and rules concerning the process of courseware development. 
Prescriptions, together wi th implicit assumptions regarding this process, build a 
courseware-development method. 
Problems, often mentioned with respect to courseware development, have been 
reviewed. The dilemma between teacher-based courseware development and 
professional- based development has been presented. A solution to this dilemma are 
authoring tools. Another solution is a suitable combination of teacher-developed and 
professional-developed courseware. Adaptable courseware provides a third solution. 
Another problematic issue is the expertise to employ in courseware development. 
Expertise on instructional design, on software development and on teaching practice 
are always required. Other areas of expertise are not always needed. The need for 
expertise is related to the scale of the courseware development (large scale allows for 
the input of differentiated expertise); the specific stages of courseware development 
that might require specific expertise; and the possibilities of embodying expertise in 
the form of methods, techniques and tools. 
Communication problems were related to the difference in background and in 
ambitions of the actors involved. Standardizing communication through the use of 
techniques and negotiating clear goals are presented as solutions. 
Tensions between product and process were presented and related to the tension 
between development and design. Product-oriented development assumes, that on the 
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basis of specified product characteristics, a product can be designed and produced by 
complying with prescriptions. Process-oriented design recognizes that often in the 
initial stages of courseware development it is impossible to specify the product fully 
and that courseware development therefore must allow for an iterative cycle of 
continuous specification by means of recurring analysis, synthesis and evaluation. The 
problems around limited employment of formative evaluation were connected to these 
tensions. 
In order to increase use in practice, formative evaluation during product development 
is propagated. An extra stage in product development was advised: An analysis of the 
environment or of the factors that contribute to adoption. Also, a continuous focus 
during design on increase-use-in-practice was suggested. These suggestions have in 
common that they suppose a larger role of the prospective user during design and 
development. 
Courseware quality characteristics that presumably contribute to an increase of use in 
practice were listed. Courseware that promises and supports successful first use is 
more likely to be used. Courseware should allow for an easy integration of computer 
use into the curriculum and into common teaching practices. Leading ideas on 
curriculum innovation should be emulated in the courseware. 
2.4 Human-computer interaction 
2.4.1 Introduction 
Many users of computer applications complain about major difficulties when using the 
application (for example using computers takes more time than expected, generates 
more mistakes than acceptable, or does not lead to the expected improvements) and 
many applications are not used. This section deals wi th attempts to tackle the 
problem of disappointing use in the literature from the domain of human-computer 
interaction (HCI). 
The problem of disappointing use is presented by Shackel (1990, p. 33) in a single 
figure as the deliberation over costs and benefits of using a computer application 
(Figure 2.5). Benefits are facilitated by the relevant features of the computer 
application. These features concern usability, utility and likeability. These three are 
difficult to separate (Grudin, 1992). Utility refers to the extent to which the 
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functionality of the computer application is useful to the users. Usability refers to the 
ease of use of the computer application. This encompasses aspects like ease of 
learning, efficiency of use, ease of remembering, free of errors (Nielsen, 1993). 
Likeability refers to the pleasure that is invoked by using the computer application. 
The costs of using a computer application concern the efforts needed to learn the 
application as well as the efforts needed to use the application. These efforts are not 
necessarily confined to the handling of the computer. Efforts may be required to 
rearrange work and the responsibilities wi th regard to the work as a result of the 
introduction of a computer application. Often, computers are introduced from the 
perspective of cost-effectiveness (compare the cost-effectiveness rationale in section 
2.2.1). For prospective users, the risk of loosing jobs is then important to consider. 
When computers are introduced to automate specific tasks, these tasks are eliminated 
from the task repertoire of the users which results in the possible loss of skills of the 
users. Moreover, the use of a computer application possibly involves financial costs. 
features of the 
computer application: 
usability 
ut i l i ty 
likeability 
implicit or explicit 
cost benefit 
analysis 
costs: 
effort to learn and use 
skill loss 
job risk 
financial costs 
accept, purchase and use 
or 
no-use 
Figure 2.5 Use or no-use as the result of a trade-off equation between features of the 
computer application and costs (source: Shackel, 1990, p.33) 
Shackel (1990) mainly ascribes these problems of disappointing use to the change in 
important categories of users in the past 50 years. During the 1950s, the main users 
of computers were mathematicians and scientists that programmed computers 
themselves. During the 1960s and 1970s, the users mainly were data processing 
professionals who supplied services. The users of these services increasingly growed 
disenchanted with delays, costs and lack of flexibility of these services. With the 
arrival of the minicomputer in the 1970s, non-computer professionals started to use 
computers. They needed to do much programming work and usability became a 
problem. The use of computers by almost anyone became possible wi th the advent of 
microcomputers in the 1980s, and that makes usability now one of the major 
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problems in software engineering. The new users are discretionary users, and they 
will not use information technology applications when hard-, or software instructions 
or operating manuals are too complex or too cumbersome to use. 
The conclusion is that computer applications need to be designed not only wi th 
functionality as a central focus, but also from a HCI perspective, wi th the trade-off 
equation leading to use or no-use in mind. This conclusion seems simple; its 
consequences apparently are far from simple when one examines the literature on this 
topic (Helander, 1988; Preece, 1994). It is possible to distinguish between t w o 
approaches in HCI that deal wi th the problem of disappointing use (Kammersgaard, 
1988). One approach, the usability-engineering approach, mainly tries to improve on 
the design and development of the user interface of the application (Hix & Hartson, 
1993). The assumption is that the functionality of the application, when designed 
according to the generally accepted guidelines of system design, does not cause major 
problems wi th respect to the use of the application. The other approach, the 
cognitive-design approach, assumes a mismatch between computer functionality and 
human activities (task inconsistency, Blatt & Knutson, 1994). This mismatch lies at 
the basis of most usability problems and needs to be repaired by carefully designing 
computer applications that support human cognitive activities (Adler & Winograd, 
1992; Blatt & Knutson, 1994). 
Two sections in the following part of this chapter (2.4.4 and 2.4.5) elaborate on 
these approaches. Before that, t w o concepts need attention (sections 2.4.2 and 
2.4.3). These t w o concepts keep returning in this discussion on usability problems in 
software engineering and concern the process of design in relation to the development 
of usable systems and the perspectives of HCI. 
2.4.2 Design and development of usable systems 
There are several similarities between courseware development and the design and 
development of usable systems. To outline some of the relevant theories and models 
in the HCI literature some of the similarities first are addressed. It concerns the star 
life cycle, the problems with prescriptions and the dilemma of product development or 
design process 
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Star life cycle 
The star life cycle for courseware development (Figure 2.4) originates from the star 
life cycle for designing and developing usable systems (Hartson & Hix, 1989; Hix & 
Hartson, 1993; Preece, 1994). Central is the design process, a continuous analysis, 
synthesis and evaluation, leading to design decisions. The different stages of the 
product-development life cycle surround this process, suggesting that the product 
development more or less runs through these different stages, but iteration is a 
common characteristic of the process of designing and developing usable systems. 
Design and development can be understood as two sides of the same coin. The end 
product is an innovative computer application that complies wi th a set of 
specifications. Development is mainly focused on the product. Product specifications 
are formulated and translated into a software product. Design is mainly process 
focused. The designer continuously analyzes the design space, evaluates possible 
design solutions, and synthesizes these solutions into a design. Traditionally in 
software engineering, design precedes development. But increasingly, design and 
development become closely interwoven aspects of the process that leads to a new 
product and the innovative use of this product. This knitting together of design and 
development is facilitated by increased iteration, techniques like prototyping (Luqi, 
1990), and software engineering methods like evolutionary software development 
(Boehm, 1988; Gilb, 1988) that allow for early representations of the end product and 
allow for late changes in the design of the end product. 
Problems wi th prescriptions 
As in courseware development, the utilisation of prescriptions for the design and 
development of usable computer applications is not without problems. Many 
prescriptions are available (Gould, 1988; Nielsen, 1993; Smith, 1988) and finding 
relevant prescriptions is difficult (Hix & Hartson, 1993). Another problem is that the 
prescriptions are generated in specific software development projects (Blatt & 
Knutson, 1994; Hix & Hartson, 1993). Prescriptions are either specific and then 
difficult to be generalized for broader coverage, or general to maintain broad coverage 
but then the applicability for predictive purposes is shallow (Bernsen, 1993). Therefor, 
prescriptions need interpretation before they can be used in practice. 
Other problems are related with the utilisation of the guidelines in practice (Dickerson 
& Hedman, 1993). Often this utilisation relies heavily on the experience and intuition 
of the developers that utilise the prescriptions. Developers have specific purposes 
when applying the guidelines. It is very well possible that different developers obtain 
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different results when applying similar prescriptions. The value of the prescriptions is 
relative in comparison to the intuition and previous experiences of the developers. 
The suggested solutions are diverse. Hix and Hartson (1993) suggest the use of 
commercially available, or preferably, customized style guides. In these guides the 
relevant prescriptions are preselected and preinterpreted. Bernsen (1993) suggests to 
look for the opportunities offered by gaining a better understanding of the process of 
design. This understanding might lead to more general prescriptions in the form of 
principles for the design of usable computer systems. Supposedly there are less 
principles than rules to govern the design and development. The next section 
elaborates on notions of design and the solution of, among others, Bernsen (1993) for 
the problems wi th prescriptions. 
Software design 
Terrins-Rudge and Jorgensen (1993) studied user-interface design for information 
systems. This study, and the work of Goel and Pirolli (1989) lead to the following 
summarized description of the process of software design. 
Designers use themselves and their prior experience as important sources of working 
models and partial solutions to design problems. Their main focus is on prospective 
users, tasks and application contexts. They often use their imagined design sketches 
to assess advantages and disadvantages. Many design activities are implicit, as are 
most of the criteria for deciding among design options. Many design projects can be 
characterised as turbulent, uncertain and ambiguous. A common strategy used by 
designers to cope wi th this type of projects is "muddling through". This strategy is 
easy to use, apparently energy and time saving, and politically feasible: A suitable 
way of making design decisions in a changing context. The most salient problems are 
the thinly spread application domain knowledge, fluctuating and conflicting 
requirements, as well as communication and coordination breakdowns. 
Prescriptions for intermediary and end products are difficult to match the design 
process as described above. The designers are focused not as much on organised 
relevant knowledge but more on the context or design space and their own prior 
experiences. The prescriptions, as discussed before, are difficult to find and either too 
general and therefore too difficult to interpret for the specific design problem at hand, 
or too specific and lack predictive value. Bernsen (1993), Dickerson and Hedman 
(1993) and Maclean, Bellotti and Shum (1993) turn to generic principles that can be 
used during design and that can fill the gap of the many guidelines that do not exist or 
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cannot be found. They mainly focus on design-space analysis: the analysis of the 
relation between the future product and its future context. Bemsen uses the CO-
SITUE technique that consists of the following aspects of this relation: Collaborative 
aspects, Organisational aspects, System aspects. Interface aspects, Tasks aspects, 
User aspects, user Experience aspects. Bemsen suggests a repeated explicitation and 
elicitation of these aspects resulting in a specification of both the design space and 
the future product. Dickerson and Hedman (1993) present the usage-map technique, 
that can be used to describe, in a tree-like structure, the different factors in the design 
space that presumably determine future use in practice. This technique can be used 
throughout the design process to keep the trade-off equation (Figure 2.5) in focus. 
MacLean, Young, Bellotti and Moran (1991) suggest the use the QOC-technique in 
design-space analysis. This technique continuously makes explicit relevant design 
Questions (the key issues in the design space), design Options (possible answers) and 
Criteria (the arguments upon which the decisions between alternatives are based). 
These techniques do not only address the problems of prescriptions, but also the 
problems of communication between the members of the design team since they 
explicitly document the design decisions. 
2.4.3 Perspectives on human-computer interaction 
The generally accepted perspective in HCI is the systems perspective. Humans are 
seen as equal to other (automatic) components of a system (Kammersgaard, 1988). 
HCI can be analyzed in terms of, for example, its speed, error rate and risks (Card, 
Moran & Newell, 1980; Foley, Wallace & Chan, 1984; Nielsen, 1993; Preece, 1994; 
Tyldesly, 1988). Designing HCI is part of a system design, and is based on task 
analysis. By describing and analyzing the tasks presently performed by humans, the 
question of which of these tasks can be automated or improved by applying 
computers can be answered. The functions of the system can be specified, which 
implies that both the functions of the computer and its human operator are described 
(Philips, Bashinski, Ammerman & Fligg, 1988). 
A critique on this perspective is that it is mainly based on the assumption that task 
automation is the most important goal to achieve. This implies that the tasks of the 
human operators need to be minimized because these tasks often are error prone, and 
cause a loss of t ime. An important characteristic of the applications that are 
developed according to this perspective is the degree to which they are "idiot-proof": 
immune for the limitations of the user (Adler & Winograd, 1992; Bannon, 1986). The 
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resulting applications are deskilling, since they only leave controlling tasks or tasks 
that require cheaper and less skilled labour, for human operators. According to Adler 
and Winograd (1992) this perspective is unsuited for an increasing number of 
situations, since many tasks become less physical and more mental, and effective 
worker performance is increasingly judged on the quality and flexibility of cognitive 
processes performed. They suggest a cognitive-tool perspective. Again task analysis 
is an important step in the cognitive-tool design approach, but now from a user point 
of view and not from a systems perspective. The central goal of the cognitive tool 
perspective is to enhance the capabilities of the user to perform the tasks and to 
allow users to perform new tasks. Tool design, and the design of the work in which 
the tools are used, go hand in hand. 
Floyd (1987) and Grdnbaek, Grudin, Bddker and Bannon (1993) give a similar distinc-
t ion between a product orientation and a process orientation. Table 2.1 gives some of 
the characteristics used by Floyd (1987, pp. 191-208) to demarcate the t w o orienta-
tions. 
7ab/e 2.1 Comparison of salient characteristics of the product orientation and of the 
process orientation of software development 
In the product orientation In the process orientation 
- programs are mathemat ical objects 
- program correctness is established by 
mathemat ical proofs w i t h respect t o the 
speci f icat ion 
- the part of the wor ld in w h i c h the program 
wi l l be used is considered as essentially 
s tat ic , having t w o states: before and after 
the so f tware system is introduced 
- quali ty is associated w i t h features of the 
product 
- so f tware development aims at producing 
one so f tware system 
programs are tools or work ing envi ronments for 
people 
program adequacy is established in processes o f 
control led use and subsequent revisions 
t h e part of the wor ld in wh ich the program wi l l 
be used is considered as dynamic and devolving 
over t ime: The program wil l cont r ibute to br ing-
ing about changes in this part o f the wor ld tha t 
are dif f icult t o predict 
qual i ty is associated w i t h processes o f using the 
product 
so f tware development aims at a sequence o f 
related versions o f a sof tware sys tem 
2.4.4 Approaches: methods, techniques and tools 
This section describes t w o typical approaches of the design for usable computer 
applications. The first approach, the usability-engineering approach, mainly is based 
on the systems perspective and the product orientation. The second approach, the 
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cognitive-tool design approach, is founded on the cognitive-tools perspective and the 
process orientation. In this section these two approaches are placed opposite each 
other to highlight their differences. In software-engineering practice most projects 
have characteristics of both approaches. 
Usability engineering 
Usability engineering is primarily directed at the design and development of user 
interfaces. Usability engineering is mostly a separate activity next to the development 
of the information system itself. Often, in usability-engineering methods, the 
development of the user interface is done simultaneously wi th or after the design of 
the functional system, for example in dedicated laboratories for design of human-
computer interfaces. Hix and Hartson (1993) for example distinguish between "non-
interface and interface development activities" (p. 113). Another approach is the 
regular evaluation of the usability of intermediary products. Usability inspection 
methods (Nielsen & Mack, 1994) are used to evaluate the usability of these in 
different stages of development. 
Nielsen (1993) defines usable systems as systems that are easy to learn, efficient to 
use, easy to remember, cause few errors and are subjectively pleasing. Usability 
criteria are developed by establishing usability attributes and by determining for each 
attribute a critérium. An example of such a critérium is: The number of user errors 
should be below five per hour, the target number is two and the preferred level is 
zero. Nielsen-uses a usability engineering life cycle that consists of 10 stages: 
a) know the user (analyze user characteristics such as current and desired tasks); 
b) competitive analysis (what alternative products are available); 
c) goal setting (what are target levels of usability characteristics); 
d) parallel design (work wi th different designers so one can choose between 
alternatives); 
e) use participatory design (involve prospective users in the design team since they 
introduce valuable subject matter expertise); 
f) coordinate the total interface (aim at consistency in the user interface); 
g) use guidelines and heuristic evaluation; 
h) use prototyping; 
i) evaluate the interface and use iterative design; 
j) study the use of the developed systems (Nielsen, 1993, p. 72). 
Hix and Hartson (1993) suggest to start the interface development wi th the design of 
userinteractions. Userinteraction can be described as the communication between 
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humans and machine: the concepts, language and skills used to operate the machine 
and to interpret the feedback from the machine. 
Quite a number of techniques are available for usability engineering (Preece, 1994). 
Techniques used in the early stages of the development life cycle are mainly analytic: 
task analysis, functional analysis, analysis of user characteristics. In the later stages 
the techniques are often directed at screen design and frequently have the nature of 
prototyping. Other techniques also are available, such as techniques that can be used 
for evaluation. The techniques that support the design process (CO-SITUE, usage 
map, QOC, see section 2.4.2) can also be used. 
As wi th techniques, many tools are available. Preece (1994) distinguishes between 
general-purpose tools (programming languages, tools for editing, compiling and 
running the program once writ ten, and text editors and desktop publishing systems 
that facilitate the production of documentation) and HCI tools. Among the HCI tools 
are the stand-alone tools (such as graphic tools, modelling tools, visualization tools); 
the integrated tools (such as analyst's workbenches); and tools that support group 
work (bulletin boards, systems for teleconferencing). 
Cognitive-tool design 
Cognitive-tool design is mainly directed at the design of work. Possible means to 
improve the work are the cognitive computer tools that support this work (Adler & 
Winograd, 1992). The purpose of cognitive-tool design methods is to develop systems 
that support people in the cognitive tasks in which they are involved in during their 
work. The design and development of the user interface are integrated in the design 
and development of the cognitive tools (Rheinfrank, Hartman & Wasserman, 1992). 
The criteria for usability are assessed by designers and users together and depend on 
the tool that is to be developed: "The key criterion for a system's usability is the 
extent to which the system supports the potential for people who work wi th it to 
understand it, to learn, and to make changes" (Adler & Winograd, 1992, p. 7). The 
emphasis is on the process of analysis, design and redesign of work by applying 
different methods (Bodker, Grdnbaek & Kyng, 1993; Greenbaum & Kyng, 1990; 
Henderson & Kyng, 1991) and not on product development. The first stage is that of 
building an understanding of the work. Testing this understanding in simulations of 
typical tasks, for example in work games or future workshops (Kensing & Madsen, 
1991), is the next stage. Subsequently, ideas are generated to improve and innovate 
the work. These ideas are the foundation for the design of innovative tools. The first 
representation of such a tool often consists of imaginary artifacts wi th several 
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functions (similar to mock-ups used in the work games). This imaginary artefact can 
be elaborated upon by means of prototyping (Bodker & Gronbaek, 1991). Among the 
results are a new and improved understanding of the work involved and possibly 
computer systems that might facilitate this improvement (Bodker et al., 1993). There 
is a continuous tension between providing tools for the work that is done at this 
moment and developing innovative tools for envisioned, improved work in the future 
(Brown & Duguid, 1992). Present work is often tied by constraints that hinder imple-
mentation of innovative tools. Social experiments (Jansen, 1984) can be used to 
develop concepts of both improved work and the innovative tools that go wi th that 
work. 
Many techniques and tools, used in usability engineering, are also used in cognitive-
tool design. Additional techniques have been developed for understanding, designing 
and redesigning the work and the tools that support this work, such as contextual 
inquiry (Holtzblatt & Jones, 1993) and similar methods (Blomberg, Giacomi, Mosher & 
Swenton-Wall, 1993). With respect to the simulation of work different techniques are 
possible that are from the prototyping family: from paper prototypes and mock-ups to 
full-scale computer-based prototypes, developed with existing prototyping tools such 
as HyperCard (Hix & Hartson, 1993). 
Constructing an approach 
In HCI, different approaches are used to tackle the problem of disappointing use. The 
question arises of what approach to choose. The two approaches outlined above are 
presented as opposites. Many positions in between are conceivable. Lemmen and 
Punter (1994) suggest situation-specific methodology engineering instead of selection, 
because no single existing method can suit situation specific needs. The problem 
situation and possible methods should be matched in order to find out what elements 
of different methods might be of most use in a specific situation. In this process of 
matching, insecurity is an important factor to assess (Gilb, 1988). This insecurity can 
concern the problem (Is the problem known and agreed upon?) and the solutions (Is 
the solution known and agreed upon?). Assessing insecurity is done by determining 
contingency factors such as the stability of technology, stability in context, 
communication difficulty and conflicting interests. A stable technology reduces 
insecurity concerning the solution. Stability in the context both reduces the insecurity 
concerning the problem and the solution. Communication difficulties arise when many 
participants and different kinds of expertise are involved. These difficulties enlarge 
insecurity regarding problem and solution. Conflicting interests affect problem 
definition as well as solution specification. 
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2.4.5 User involvement in design 
Both the usability-engineering approach and the cognitive tool design approach 
emphasize the involvement of prospective users. User involvement can serve different 
purposes in software development. The different purposes of user involvement in the 
different stages of software development (according to the star life cycle, Figure 2.4, 
p. 35) are depicted here. 
Users can be the subject of analysis for example in task and function analysis, 
needs analysis and in contextual inquiry. This role is important during the 
conceptualization and analysis stage of development. 
Users can contribute their expertise in the development of the software as 
members of the development team. This expertise concerns the functions and 
tasks the users have to fulfil and the practicalities of everyday work. This 
expertise is specifically important during the stage of specification and the stage 
of design of the application. 
Users can have a role in formative evaluation, for example by testing prototypes. 
This occurs in the prototyping stage of the development. 
When tools for producing software allow for user production of software, users 
can actively be involved in production of software during the production stage. 
Users can have a role in summative evaluation by judging their experiences wi th 
a computer application in practice. This is relevant in the stage of product use. 
And users can have a role as co-designers during the design process and be 
involved throughout the design process by actively participating in the design 
decision making. 
Problems w i th user involvement 
Grudin (1993) identifies several problems in relation to user involvement. The 
development team must be motivated to work with prospective computer users and 
produce the commitment necessary to overcome the slowness and imprecision that 
often accompany user involvement. A lack of motivation and commitment is one of 
the problems of user involvement. 
Frequently, it is difficult to identify prospective users and select representatives. The 
future product might invoke its own unforeseen group of users, or representatives 
might be biased, for example in the case of representation by marketing or sales 
departments. Also a specific group of users might act as intermediaries: for example a 
customer organisation that modifies the product before it is handed to the actual 
users. 
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Obtaining access to the users can also raise problems. Often, the channels for users 
to contact members of the development team and for members of the development 
team to contact users are simply not present and need to be created. Where the users 
do not work in the same organisation as the developers it can be difficult to motivate 
user representatives to become involved. They very well might invest their time in a 
product they will never work wi th in practice. Enough resources need to be present to 
compensate for the time investment by users. Sometimes the development of a 
product might pose a threat to prospective users, for example when significant 
increase of efficiency is the target. 
To benefit from user contact, users and developers need to talk one another's 
language or develop a new language. Developers only partially understand the work of 
the users and the users seldom have the necessary technical background to respond 
to design options or prototypes (Corbett, 1992). Often users react only to superficial 
aspects of the design. Their reaction is based on a comparison with their present work 
situation and they are mainly impressed by the novelties in the design. And it is 
difficult for the users to envision their wishes in the technical language of the 
developers that consists of computer functionality and user-interface aspects. In a 
design team the professional members of the team (such as social scientists, 
programmers, system analysts) hold more expert power than prospective users do. 
This easily results in an extra weight of the expert arguments (Corbett, 1992). 
Some problems are built into the organisation of traditional software development. 
The organisation of traditional software development is based on the "waterfall 
model" (Boehm, 1988; Gilb, 1988) which requires careful early design of the 
functions of the program and postpones interface development to a late stage of 
development. This model hinders both early and late user interaction. Early interaction 
wi th users is inhibited, because it requires expertise to judge a design on the 
description of functions. Often, users lack this expertise. Late interaction is 
troublesome, because in this late stage only small changes are possible. Moreover, 
design decisions are basically taken within the scope of the software development 
project. A specific interface option might save many users several minutes a day and 
thus save a tremendous amount of time during the product lifetime. But since it adds 
to development costs it might not be added although development costs are negligible 
in comparison to the user time saved by the option. 
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2.4.6 Summary: human-computer interaction in retrospect 
In HCI similar tensions as in courseware development between product and process, 
and between development and design, can be detected. The star life cycle combines 
these different aspects of software development. The problems wi th prescriptions in 
HCI are similar to the problems in courseware development. Different solutions are 
suggested. One solution is to preselect and preinterprete relevant prescriptions in the 
form of a customized style guide. Another solution is to determine generic principles 
of design. The assumption is that a few of these generic principles can replace many 
detailed prescriptions, and help find, select and interprète existing prescriptions. 
Two different approaches in HCI were distinguished, that of usability engineering and 
that of cognitive-tool design. The usability-engineering approach is based on a product 
orientation and on a systems perspective. It separates the design and development of 
functionality aspects from the design and development of user-interface aspects of 
the computer application. According to this approach, improving the usability of a 
product by applying HCI knowledge (condensed in prescriptions) leads to increased 
use in practice. In contrast, cognitive-tool design is based on a process orientation and 
a cognitive-tool perspective. It focuses on the design of work and the tools that 
support this work. Supposedly, tools that are perceived by users as supportive will be 
used in practice. Designing and developing tools is achieved by understanding the 
work involved, envisioning innovations and the accompanying tools. 
These approaches were described as opposite to each other. However, in practice 
several positions in between are conceivable. To construct an approach the problem 
situation that is the target of the project should be analyzed and matched wi th 
possible software development methods. Both approaches argue in favour of 
increased involvement of prospective users. It is possible to depict different purposes 
of user involvement depending on the stage of software development. User 
involvement is not without problems, as is shown at the end of this section of HCI. 
2.5 Theoretical frame of reference, research questions and case method 
2.5.1 Theoretical frame of reference 
Chapter 1 defined the central problem by the question: How to develop courseware 
that will be used by teachers in agricultural education practice? This question 
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concerns prescriptions and methodological insights regarding courseware development 
that increase the likelihood of use in practice. An outline of the theoretical frame of 
reference of this thesis as presented in chapter 2, is given in Figure 2.6. 
context 
school 
actors 
(figure 2.2) 
among others 
teachers 
increase-use-
in-practice 
factors 
(figure 2.3) 
among others: 
methodological insights; 
constructing of approaches 
prescriptions 
that reckon w i th 
factors and actors 
and increase use in 
practice 
courseware development 
(figure 2.4) 
perspectives, 
activities 
sequence of activities 
actors 
resources 
intermediary products 
approaches 
characterised by: 
focus of development 
expertise 
reality of use 
process versus product 
scale and ambition 
Figure 2.6 Theoretical frame of reference 
Section 2.2 reviewed the introduction of computers in the curriculum as educational 
innovation. An actor-factor-decision model was used to describe and understand this 
innovation. This model encompasses three levels: context, school and classroom. 
Both the relevant actors and the relevant factors were presented (Figures 2.2 and 
2.3). Courseware development was interpreted as an instance of curriculum 
development. In analogy with curriculum development approaches, courseware 
development approaches were portrayed with the help of five dimensions: 
a) focus of development: Is the development generic or focused on specific 
situations? 
b) expertise: What expertise is mainly used in courseware development? 
c) reality of use: Is the product used as developed, adapted or developed by the 
users themselves? 
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d) process versus product: Is the development oriented towards the courseware 
product or towards the innovation process? 
e) scale and ambition: What is the balance between scale and ambition in 
courseware development? 
Section 2.3 examined courseware development. Courseware development was 
described as a process (Figure 2.4), characterised by perspectives, activities, 
sequence of activities, actors, resources and intermediary products. In order to 
increase the use of courseware in practice, prescriptions should be generated that 
anticipate factors that influence use in practice. Characteristics of courseware that 
contribute to an increase of use in practice refer to: 
a) successful first use of the courseware; 
b) easy integration of computer use in the curriculum; 
c) easy integration of computer use in common teaching practice; 
d) identifiable leading ideas that motivate teachers to use the courseware. 
Section 2.4 summarised relevant literature on HCI. The use of a computer application 
is depicted as the outcome of a trade-off equation between features of the application 
and the costs of using the application. Two opposite approaches in HCI were 
distinguished: usability engineering and cognitive-tool design. Usability engineering 
attributes the disappointing use of software primarily to problems that are related to 
the user interface. Cognitive-tool design ascribes disappointing use to task 
inconsistency: the functionality of the system does not match the work of the user. 
Constructing an approach that fits the context of the development project was 
suggested as a means to increase use in practice. 
2.5.2 Research questions 
The subsequent paragraphs will present the research questions. At the end of this 
section, a table will present an overview of the research questions as well as the 
chapters in which they will be answered. 
Factors that influence use in practice and prescriptions that increase use in practice 
The theoretical frame of reference indicates that the factors that influence use in 
practice are central to any attempt to increase use in practice. These factors need to 
be translated into prescriptions for courseware development that probably will lead to 
an increase of use in practice. An important research question therefore is: What 
THEORETICAL FRAME OF REFERENCE 61 
factors influence the use of computers by teachers in agricultural-education practice 
and what prescriptions can be generated on the basis of these factors? 
To describe the factors that influence use in practice the actor-factor-decision model 
is appropriate (Figures 2.2, p. 23, and 2.3, p. 24). Section 2.2 demonstrated the 
complexity of the relations between the actors and factors concerned, as well as the 
diversity of perspectives involved. Further specification of this first research question 
is necessary. The use of courseware is interpreted as the result of a decision by 
teachers concerning the trade-off between features of the courseware and the costs 
of using the product. Teachers are the central (though not the only) actors involved. 
Therefore, the focus of the research questions will be restricted to the factors that are 
indicated by teachers to influence the use of courseware. Two specific research 
questions can be phrased. One question is targeted at obtaining an overview of 
teacher-indicated factors. Another question is formulated to elaborate and extend this 
overview and discover the peculiarities wi th respect to the teacher-indicated factors. 
1 What factors are indicated by teachers in agricultural education practice as 
influencing their use of computers and what use-increasing prescriptions can be 
generated on the basis of these factors? 
2 What factors determine the use of existing courseware in specific teaching and 
learning contexts in agricultural education and what use-increasing prescriptions 
can be generated on the basis of these factors? 
Chapter 4 of this thesis reports the results of a repeated survey among teachers of 
agricultural subjects in agricultural education. The format used for the description of 
the results is that of a usage map. This map pictures the factors that demonstrate a 
critical influence on use in practice (Collis & Verwijs, 1995b; Dickerson & Hedman, 
1993. On the basis of these factors and of available literature, prescriptions for 
courseware development are generated. 
Chapter 5 presents the description of five specific teaching and learning situations. 
These descriptions are based on the results of interviews of vocation oriented 
teachers in agricultural education. To enhance comparison between the results of the 
first study the instrument of the usage map is applied. 
Determinants of courseware development 
Generating prescriptions is not enough. These prescriptions have to be introduced and 
utilized in the process of courseware development. Section 2.3 indicated the problems 
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and difficulties that go together wi th courseware development and the use of 
prescriptions. To integrate the prescriptions into the process of courseware 
development, an understanding of this process is required as well as an insight in the 
relation between this process and the prescriptions that are generated in answering 
the previous research question. This results in the third research question. 
3 What are determinants of the process of courseware development for agricultural 
education and what is the relation between these determinants and use-
increasing prescriptions? 
This question focuses on the actual process of courseware development and not on 
the context of this process. This context will to a degree influence the actual process 
and important determinants may be located in this context. The context for which the 
courseware is being development needs to be involved in the attempt to describe, 
understand and explain the process of courseware development. The distinction 
between the process of courseware development and the organisation of courseware 
development leads to an additional research question regarding determinants in 
courseware development. 
4 What are organisational determinants of courseware development for agricultural 
education and what prescriptions regarding the organisation of courseware 
development will increase use in practice? 
Chapter 6 reports the results of an evaluation study regarding six courseware 
development projects for agricultural education and the analysis of these projects. For 
this analysis, section 2.2 supplies the dimensions to characterise the approach of 
courseware development. Section 2.3 provides the descriptive framework to describe, 
understand and explain the factual process of courseware development: courseware 
development as a combination of a design process and product development, that 
incorporates several perspectives, different actors, fields of expertise and the use of 
resources. On the basis of this analysis the prescriptions can be adjusted to optimally 
fit courseware development for agricultural education. 
Chapter 7 presents the results of a study regarding the organisation of courseware 
development. Additional insights in the organisation of courseware development and 
in the way this organisation impedes or stimulates courseware development from the 
perspective of increase-use-in-practice are described. These insights allow for 
specified prescriptions regarding the organisation of courseware development, that 
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increase the use of courseware in practice. 
Methodological insights 
Sections 2.3 and 2.4 both indicated that the use of prescriptions in courseware and 
software development is problem-loaded. Several suggestions were given in sections 
2.3.2 and 2.4.2 to handle the problems of finding, selecting and interpreting 
prescriptions. Methodological insights regarding an improved adjustment of the 
courseware development to the context of this courseware development are central to 
these suggestions. The previous research questions aim for this adjustment. A 
retrospection of the related chapters 4 to 7 wi th the help of the theoretical frame of 
reference will contribute to illuminate these methodological insights. This leads to the 
last research question. 
5 What methodological insights are confined in the prescriptions that result from 
answering research questions 1, 2, 3 and 4? 
Chapter 8 reviews chapters 4 to 7 and produces and discusses such methodological 
insights. Table 2.2 presents an overview of the research questions that are central in 
this dissertation. 
Table 2.2 Research questions for the dissertation 
Research questions Chapter 
1 What fac tors are indicated by teachers in agricultural education pract ice as 
inf luencing their use of computers and w h a t use-increasing prescriptions can be 
generated on the basis of these factors? 4 
2 What fac tors determine the use of existing courseware in specif ic teaching and 
learning contexts in agricultural education and w h a t use-increasing prescript ions 
can be generated on the basis of these factors? 5 
3 What are determinants of the process of courseware development for agricultural 
educat ion and wha t is the relation between these determinants and use-increasing 
prescriptions? 6 
4 What are organisational determinants of courseware development for agricultural 
educat ion and w h a t prescriptions regarding the organisation of courseware 
development wi l l increase use in practice? 7 
5 What methodological insights are confined in the prescriptions that result f r om 
answer ing the research questions 1 , 2 , 3 and 4? 8 
The present chapter provided the theoretical frame of reference required to describe, 
understand and explain courseware use and courseware development in Dutch 
agricultural education. The next chapter, chapter 3, presents the general background 
of courseware development in Dutch agricultural education. 
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3 COURSEWARE DEVELOPMENT FOR AGRICULTURAL EDU-
CATION 
3.1 Introduction 
This chapter describes the background of courseware development for agricultural 
education in the Netherlands. The emphasis is on the period in which the case studies 
are executed: 1989-1992. The major courseware development activities in that period 
were organised in the initiative for the development of courseware for agricultural 
education: the ESLO initiative. This initiative lasted from 1987 to 1991 . The 
subsequent section first presents the different agricultural programs, as well as the 
numbers of students that participated in these programs. Then the policy measures of 
the Dutch Ministry of Agriculture, Nature Management and Fisheries [MANMF], that 
influenced computers and curriculum are reviewed. The chapter ends wi th an 
overview of the evaluation research that renders most of the data presented in 
chapters 4 to 7. 
3.2 Agricultural education programs 
Figure 3.1 gives an overview of curriculum levels in the agricultural-education system 
in the Netherlands. The system of general education can be preparatory to agricultural 
education and consists of primary education (age 4-12 years), junior general 
secondary education (12-16 years), senior general secondary education (12-17 years), 
and pre-university education (12-18 years). The system of agricultural education is 
composed of junior secondary agricultural (pre-vocational) education (12-16 years) 
and senior (16-20 years) secondary agricultural education, higher agricultural 
education (s=17 years), and the agricultural university (*18 years). In addition, the 
agricultural apprenticeship system provides in-service education at the senior 
secondary level. A diversity of agricultural courses build an extensive post-initial 
curriculum. And innovation and practical training centres provide courses that require 
specific up-to-date equipment or expertise and that f i t the different curricula. 
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Figure 3.1 Overview of curriculum levels in agricultural education in the Netherlands 
The content of the curricula offered in junior- and senior-secondary agricultural 
education is in a continuous evolution. The eight programs offered in 1990 are 
mentioned in Table 3 . 1 . In 1996 (MANMF, 1996) the equestrian husbandry and 
sports and environmental inspection programs have been added, and the program the 
green environment has replaced two programs: design & maintenance of gardens 
and green amenities and land & water management, forestry and environmental 
engineering. The programs are offered at three levels: a two-, three- and four-year 
programs. The programs comply wi th the criteria for the second, third and fourth 
levels of the European Union (EU) (The Official Journal of the EU, 1985) and differ 
only slightly from the programs offered in the period of data collection in the case 
study. Table 3.1 presents relevant figures with respect to the number of manage-
ment and teaching positions and the number of students in secondary agricultural 
education in 1990/1991. 
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Table 3.1 Numbers of management and teaching positions and numbers of students 
in secondary agricultural education at the junior and senior levels in the Netherlands in 
1990/1991 (MANMF, 1991a, 1992, 1995) 
Management and teaching positions in full t ime Students in full t ime agricultural educat ion at 
equivalents (fte.) junior secondary level, per program 
management junior secondary level 187 forestry 139 
teaching junior secondary level 1656 food-processing technology 129 
to ta l f te . junior secondary level 1843 general orientation agriculture 1 9 2 1 1 
to ta l number of students 1 9 4 7 9 
management senior secondary level 103 
teaching senior secondary level 1007 
to ta l f t e . senior secondary level 1 1 1 0 
Students in full t ime agricultural education at Students in the agricultural apprenticesh, 'P 
senior secondary level, per program system*, per program 
crop product ion 2 7 2 6 crop product ion 1635 
animal husbandry 6 0 5 4 animal husbandry 6 2 3 
ecological agriculture 9 6 ecological agriculture 3 2 
food-processing technology 1 6 9 0 food-processing technology 7 7 9 
f lor istry 1306 f lor istry 1 8 9 8 
animal care and veterinary assistance 2 9 4 animal care and veterinary assistance 3 1 6 
design & maintenance of gardens and design & maintenance of gardens and 
green amenit ies 2 0 5 9 green amenities 3 3 1 2 
land & wa te r management, forestry land & water management, forestry 
and environmental engineering 5 5 2 and environmental engineering 4 2 7 
total number of s tudents 1 4 7 7 7 total number of students 9 0 2 2 
* The dist r ibut ion of the number of s tudents in the apprenticeship system among the di f ferent 
programs is est imated on the basis of data f rom the 1 9 9 3 / 1 9 9 4 period (MANMF, 1995) . 
The number of courses in post initial agricultural training in 1990/1991 was 1312, the 
number of participants was 19702. The number of participant-weeks (a five-day 
period of full-time training for one participant), which was 66327 in 1990 /1991 , gives 
an idea of the size of the practical training system. 
3.3 National policies affecting computers and curriculum 
The major national policies that affected the introduction of computers in agricultural 
education in the Netherlands during 1982-1991 are depicted in Figure 3.2 and 
described in this section. The MANMF was the most important policy making 
organisation in this respect. Similar policy measures for Dutch education are described 
by Krins et al., (1992) and by Ten Brummelhuis (1995). 
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Figure 3.2 Overview of the major policy measures affecting courseware 
development in the ESLO initiative 
Agricultural education and agricultural policy 
Agricultural education is one of the three panels of the triptych that consists of 
research, extension and education. This triptych is seen as a major policy instrument 
for the MANMF with three goals: to encourage safe and competitive agriculture, to 
recover and develop nature, and to care for sustaining and livable rural areas. In the 
period described here, the Department of Agricultural Education within the MANMF 
was responsible for agricultural education. 
Stimulation of computing in agriculture 
The MANMF not only encouraged the use of computers in agricultural curriculum but 
also stimulated computing in agriculture by means of the stimulation program on 
computing in agriculture (INSP Iandbouw). For the different branches within 
agriculture, foundations for coordination of agricultural computing were established. 
An important activity of these foundations was the design of branch-specific 
information models, such as the model of arable farming (PAGV, 1987). 
Computer hardware 
Hardware acquisition for schools received attention in several policy measures (Blom, 
1993b). In the 100-Schools Project, a first-generation personal computer was 
supplied. The focus in the first large-scale purchasing of computers for senior 
secondary agricultural education (during the '82- '84 period) was on Apple lie 
machines. Later the focus shifted to Nimbus networks (for junior agricultural 
education in the period "87-'91) and to networked IBM compatible MS-DOS 
machines: All senior secondary agricultural schools and practical training centres 
were equipped wi th eight networked Msdos machines in the period 1987-1990. In 
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1991 the MANMF still allocated funds for hardware acquisition. 
Curriculum development 
Curriculum development for agricultural education was executed in curriculum 
committees. Curriculum committees existed for general subjects (such as the 
committee for communicative subjects and the committee for sciences) and for 
agricultural subjects. The agricultural subjects can be distinguished in vocation-
oriented subjects (committees for animal husbandry, arable farming and crop growth, 
design & maintenance of gardens and green amenities, f/oristry and food-processing 
technology) and supporting subjects (committees for business economics and 
engineering). In the period 1985 to 1988 a curriculum committee for computing was 
active. The responsibilities of the curriculum committees included curriculum 
development, mainly by means of the development of curriculum materials, and 
inservice teacher training. The curriculum committees established several curriculum-
materials development projects and assign these to work groups or writ ing groups of 
teachers. Often, a specific work group organised the inservice training programs that 
were devised by the curriculum committees. Non-teaching hours were available for 
the development of curriculum and curriculum materials; for example in the 1988 -
1989 period 650 non-teaching hours were supplied. An educational support unit for 
agricultural education (embedded in the national organisations for educational support) 
provided educational support for the curriculum development acitivities. A curriculum 
committee consisted of representatives of teachers, and of agricultural branch 
organisations. A curriculum committee was chaired by a representative of the 
MANMF. The secretary was a member of the unit for agricultural education support. 
Curriculum materials development 
The curriculum materials, developed by the work groups, were exemplary and 
experimental curriculum materials, meant for agricultural education in the Netherlands. 
Teachers are free to use, partly use, or refrain from using the materials. The three 
areas of concern were materials development for the subject of computing, materials 
development focused on integration of agricultural computing in the agricultural 
subjects, and the development of courseware for the improvement of teaching and 
learning within the agricultural subjects. 
Government policy wi th regard to the development of materials for computing started 
wi th the participation in the 100-Schools Project in 1983: Materials development for 
computing (for junior secondary agricultural education) was one of the activities in this 
project. Other relevant activities in the early 1980 were appointing an inspector for 
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computing in agricultural education and encouraging the establishment of a work 
group computing for senior secondary education. In 1985 the Curriculum Committee 
for Computing was instituted. Its role concerned (among others) materials 
development for junior- and senior-secondary agricultural education (MANMF, 1986c, 
1988b) as well as training of teachers in the use of computers. In 1988 it was 
recognised that the tasks of this committee were diminishing. The initial schooling of 
students in general computing increasingly was taken care of by pre-agricultural 
education. Curriculum materials for general computing were developed and the 
inservice-training programmes for general computing are in operation. As a result, the 
committee was abolished and its assignments were taken over by the Curriculum 
Committee on Communicative Subjects. 
With respect to agricultural computing, the policy of the MANMF concentrated on the 
integration of agricultural computing into the agricultural subjects. Each concerning 
curriculum committee was responsible for this integration. Within these committees, 
work groups on information technology were established. These work groups develop 
materials that should promote this integration. 
When considering courseware development that aims for the improvement of teaching 
and learning it is conspicuous that this goal almost always coincides wi th the goal of 
integration of agricultural computing (chapter 6 mentions the package Plantendictee 
[spelling of plant names] as one of the few exceptions; see also Blom, 1993c). For the 
vocation-oriented and the supporting subjects there is no policy that propagates the 
development of courseware that solely focuses on the improvement of teaching and 
learning. 
Teacher training 
As mentioned before, inservice-teacher training was the responsibility of the 
curriculum committees. These committees planned the training courses that are 
offered. Initial and inservice programs for teacher training are provided by a separate 
foundation, the organisation for professional development in agricultural education and 
training [Stoas]. The curriculum committees were subject matter and materials 
oriented. Teacher training is often viewed as an instrument to introduce and 
implement new materials. 
The inservice program for teacher training wi th respect to general computing was 
provided by Stoas and coordinated by the Curriculum Committee on Computing. This 
program provides training in general computing skills as well as the (traditional) 
training on the new materials on general computing. Training on agricultural 
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computing is often provided by the practical training centres and coordinated by the 
curriculum committee on the relevant subject matter area. The provision of this type 
of inservice training is limited. 
Courseware development 
In the beginning of the 1980s, when the first personal computers became available 
for agricultural education, most courseware was developed by individual teachers 
throughout the agricultural education system. The majority of these teachers 
developed courseware in dialogue with curriculum committees, others acted mainly as 
individuals. The results from this period were the courseware packages, developed by 
individual teachers at junior- and senior-secondary level, in the innovation and 
practical-training centres and at the colleges for agricultural-teacher training. 
In 1986 the Centre for Information Technology Support of Agricultural Education 
[CILO] was established by the MANMF, to stimulate integration of computer use in 
agricultural education. This centre accommodated (among a variety of support 
activities) the initiative for the development of courseware for agricultural education 
(ESLO). This initiative lasted from 1987 to 1991 and encompassed different projects 
for courseware development. The purpose was to integrate information technology 
into the curriculum and improve teaching and learning by means of courseware 
development. The principals for these projects were the existing curriculum commit-
tees, that also supplied non-teaching hours for teachers to participate in the projects. 
Next to accommodation, the centre provided project leaders, software development 
specialists and an overall project manager for the ESLO initiative. In the beginning of 
1 9 9 1 , the CILO organisation, including the ESLO initiative, amalgamated wi th Stoas. 
Stoas was responsible for the ESLO initiative during the last months of this initiative 
until October 1991 . 
General policies that indirectly affect computers and curriculum 
Three major innovations that restructured agricultural education, have had their impact 
on courseware development: the concentration of agricultural schools in 21 
agricultural education centres (AOCs), the implementation of the qualification 
structure, and the restructuring of the curriculum development and educational 
support system (Van der Klink, 1993). The concentration in AOCs started in 1991 
and aims for: 
a) an increase of efficiency by means of economy of scale; 
b) an increase of independent learning; 
c) learning in agricultural practice; 
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d) an increase of cooperation between teachers. 
The AOC formation implies the introduction of block-grant funding, larger schools, and 
important changes in teachers' jobs. 
The qualification-oriented curriculum was introduced in 1991 and prepared in the 
preceding years. This innovation was meant to strengthen the relations between 
agricultural education and the world of agricultural vocations, to promote transfer 
(both vertical as well as horizontal), and to diminish the numbers of school leavers 
wi thout certified qualification. The introduction of qualifications involves a change 
from a subject-matter oriented curriculum to a curriculum that is oriented on 
qualifications and vocational practice (Nasta, 1994; Nieuwenhuis, 1993). 
This change of curriculum orientation necessitated a change in the structure for 
curriculum and curriculum materials development. The original subject-oriented 
curriculum committees were replaced by a structure that focuses on the specification 
of attainment targets, qualifications, certificates and on the development of 
curriculum materials for these certificates. This replacement was a gradual and slow 
process, that started with the preparation of the qualification structure (1989) and 
lasted until after the ESLO initiative (1991). 
3.4 Research on the case of agricultural education 
Research on courseware development for agricultural education yields the data upon 
which this thesis is based. This section gives an overview of the relevant research. 
Table 3.2 lists this research and indicates the chapter in which the data are used. 
Table 3.2 Overview of research on courseware development for agricultural 
education 
Study Chapter 
Repeated survey among teachers in agricultural senior secondary educat ion 4 
Interv iews w i t h 5 teachers 5 
Evaluation s tudy on the process of courseware development 6 & 7 
Orientat ion s tudy by means of in terv iews w i t h key persons in the f ield o f courseware 
development 7 
At the beginning of the ESLO initiative, a research program was established to 
evaluate the courseware development in the ESLO initiative. The data gathering for 
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this program covered the period of 1989 to and including 1992. Constituent parts of 
this evaluation program are the following: 
a) A repeated survey among teachers in agricultural senior-secondary education 
yielded an assessment of the use of computers and the factors that are related 
wi th this use (Blom, 1992, 1993a); 
b) An evaluation study on the process of courseware development by means of 
observations, document analysis and interviews rendered a description and 
analysis of the process of courseware development as well as of the organisation 
of courseware development (Blom, 1993b); 
c) An orientation study by means of interviews with key persons in the field of 
courseware development resulted in an overview of relevant issues and problems 
in relation to courseware development (Blom, 1993b). 
Next to this evaluation program a series of five interviews was executed in the fall of 
1995. These interviews increased insight in the actual use of computers by teachers 
in specific teaching contexts. 
This overview of courseware development for agricultural education in the 
Netherlands from 1989 to 1992 provides the necessary background for the case 
studies. The following four chapters present these case studies. 
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4 TEACHER-INDICATED FACTORS THAT INFLUENCE COM-
PUTER USE 
4.1 Introduction 
The use of computers in education is behind expectations (Becker, 1994; Pelgrum & 
Plomp, 1 9 9 1 ; Pelgrum et al., 1993). This also holds for the use of courseware in 
agricultural education. The central question in this thesis is: How to develop 
courseware that will be used by teachers in agricultural education practice? This 
question concerns prescriptions and methodological insights regarding courseware 
development that increase the likelihood of use in practice. Chapter 2 indicates, that 
depending on the context of the computer use, an interrelated set of factors influence 
the use of courseware and of computers (Ten Brummelhuis, 1995). For the specific 
context studied, i.e. Dutch agricultural education, these factors should be assessed in 
order to illuminate the background of the disappointing use and enable the formulation 
of use-increasing prescriptions for courseware development. 
Teachers are the central actors wi th regard to the use of courseware (Fullan, 1994b; 
Moonen & Kommers, 1995). It is legitimate to concentrate on the factors that are 
perceived by teachers as influencing their decisions on the use of computers. The 
central research question in this chapter is: What factors are indicated by teachers in 
agricultural education practice as influencing their use of computers and what use-
increasing prescriptions can be generated on the basis of these factors? 
To answer this question, the results of a survey are described. This survey regarding 
the use of computers by agriculture teachers, was executed in 1990 and repeated in 
1992 (Blom, 1992; 1993a). Section 4.2 describes the methods and instruments of 
the survey. Section 4.3 presents the results. The conclusions (section 4.4) lead to an 
overview of use-influencing factors. The last section (4.5) discusses the results and 
presents use-increasing prescriptions for courseware development. Additional details 
of the survey can be found in Blom (1993a). 
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4.2 Methods and instruments 
4.2.1 The questionnaire 
The purpose of the survey was to assess the use of computers and to illuminate the 
factors that influence this use. Many factors possibly influence the use of computers 
in practice (Figure 2.3, p. 24). Since teachers are the central actors that decide on 
computer use, emphasis in the questionnaire was on the factors that influence 
teacher's decisions. The questionnaire was based on educational evaluation research 
w i th regard to the use of computers in education (Ten Brummelhuis, 1995; Pelgrum & 
Plomp, 1 9 9 1 ; Pelgrum & Plomp, 1993; Veen, 1994; Wolf, Plomp & Pelgrum, 1986). 
The original questionnaire is published in Blom (1993a). 
Figure 2.3 presented different groups of teacher-related factors: knowledge and skills, 
opinions, and experiences. Skills wi th respect to computer use are difficult to assess 
in a survey and were not explicitly included in the questionnaire. Since skills are 
reflected in knowledge regarding computer use and knowledge is conditional to the 
acquiring of skills, an assessment of the knowledge factor also will yield information 
about the skills factor. Knowledge and opinions are interpreted as mainly the result of 
previous experiences. The factors of knowledge and opinions are emphasised in the 
questionnaire. 
Section 2.2.1 (p. 16) indicated that in agricultural education the two central areas of 
computer use in curriculum are: agricultural computing as separate or integrated 
subject and the support of teaching and learning. Knowledge and opinions of teachers 
in relation to these two areas are reflected in the questionnaire. Teachers need to 
have sufficient knowledge and skills to operate computers in general, so it is 
important to include questions on the general use of computers. 
Next to knowledge and opinions, general teacher characteristics such as gender, age 
and size of the teaching position are important to assess (Janssen Reinen, 1996). 
Chapter 2 reviewed the literature on the introduction of computers in curriculum as 
well as on human-computer interaction (HCI) and concluded, that in order to increase 
use, users should be involved in courseware development. Apparently, teacher 
involvement in courseware development is another teacher-related factor that needs 
to be assessed though it is not explicitly mentioned in Figure 2.3. Relevant groups of 
teacher-related factors therefore are knowledge, opinions, experiences, general 
teacher characteristics, and teacher involvement in courseware development. 
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The relation between computer use and courseware development is the central 
subject of this thesis. Consequently, availability and quality of courseware were 
important factors to address in the questionnaire. 
The different items in the questionnaire can be grouped into the following categories: 
a) general teacher characteristics; 
b) use of computers; 
c) knowledge and opinions regarding support of agricultural teaching and learning; 
d) knowledge and opinions with respect to agricultural computing; 
e) general use of computers; 
f) involvement in courseware development; 
g) availability and quality of courseware; 
h) other school related factors; 
i) student related factors. 
General teacher characteristics 
General characteristics of respondents were represented in the questionnaire by 
questions on age, gender, education, number of years of teaching experience, size of 
the teaching position and number of years at the present school. 
Use of computers 
Use of computers is interpreted as any use by teachers of computers during a lesson. 
A normal lesson covers 50 minutes. Computer use might encompass a five minute 
demonstration of an agricultural software package with one PC, a transparent liquid 
crystal display (LCD) and an overhead projector. It might also concern the use of a 
courseware package with a fully equipped computer room during the 50-minute 
period. In the last example, students actually work with the computers; however, the 
decision to use the courseware is made by the teacher. The questionnaire assesses 
the occurrence of such use, the subject in which the computer is used, the grade, the 
level of the curriculum, the estimated number of lessons per year in which the 
computer is used and the type of courseware or software that is used. 
Knowledge and opinions regarding support of agricultural teaching and learning 
Knowledge of teachers on the support of agricultural teaching and learning by 
computers was made operational in an assessment of the acquaintance of teachers 
w i th 42 specified courseware packages. The opinions of teachers were asked on 
items concerning computer-supported teaching and learning. A difference was made 
between items relevant for computer-using teachers and items relevant for non-using 
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teachers (users and non-users). Moreover, teachers were presented wi th a list of 
problems and were asked to check which problems they experienced. The list includes 
problems concerning computer support of teaching and learning. The occurrence of 
these problems can be interpreted in terms of knowledge and opinions regarding 
teaching and learning. 
Knowledge and opinions with respect to agricultural computing 
Knowledge of teachers on agricultural computing was made operational in an appraisal 
of the acquaintance of teachers wi th 57 specified agricultural software programs. 
Opinions were investigated by presenting teachers a list of possible objectives 
regarding agricultural computing (Blom & De Vries, 1990) and asking them at what 
curriculum levels these objectives should be attained. The list consisted of 21 items, 
grouped in four categories: learning how to use a PC, process automation, farm 
management systems and functioning effectively wi th information related tasks. The 
five relevant curriculum levels were: before senior-secondary education, the two- year, 
three-, or four-year level of senior-secondary education, and the post-secondary 
courses (compare Figure 3 . 1 , p. 66). Teachers could also indicate an objective to be 
irrelevant for the agricultural curriculum; indicating that teachers have no opinion on 
the specific objective was possible too. Next to the list of objectives, a question 
regarding opinions of teachers on items regarding agricultural computing was part of 
the questionnaire and yielded information regarding the opinions of teachers about 
agricultural computing. 
General use of computers 
Teachers were asked to indicate previous experience wi th general use of computer. 
Also, their opinion on specified items regarding general use of computers was 
requested. The list of problems, mentioned above, contained problems in relation to 
operating computers as well . The occurrence of these problems can be interpreted in 
terms of knowledge and opinions re general use of computers. 
Involvement in courseware development 
Teachers were asked to give their opinion on items regarding their involvement in 
courseware development for agricultural education. 
Availability and quality of courseware 
Among the school-related computer use influencing factors are the availability and 
quality of courseware. The problems list also contained problems wi th regard to the 
availability and quality of courseware. 
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Other school-related factors 
The list of problems related to computer use encompassed school-related factors, 
such as the quality and availability of hardware, timetabling, time for integrating 
computer use in their teaching, support of school management, financial and 
personnel resources and in-service training. 
Student-related factors 
Two of the problems in the problems list concerned student-related factors. The 
relevant items were: computers should not be used by students of this age, and 
students lack necessary skills and knowledge to operate computers. Teachers were 
asked to check whether they experience these problems. 
To test the questionnaire, six teachers were asked to fill in its first version and their 
experiences were discussed. This resulted in minor modifications of the questionnaire 
such as modifications in the order of the questions, in descriptions of specific 
concepts and in the explanation and instructions that go with the questionnaire. 
4.2.2 Population and survey sample 
The population consisted of approximately 900 teachers in senior secondary 
agricultural education. Relevant are teachers in vocation-oriented and the supporting 
subjects. The vocational subjects included crop growth (arable farming), horticulture, 
floristry, design & maintenance of gardens and green amenities, land & water 
management and forestry, animal husbandry and food-processing technology. 
Supporting subjects were business economics, engineering and so/7 science and plant 
nutrition. Teachers worked at one or more of the 49 schools for senior-secondary 
agricultural education. For the 1990 questionnaire, twelve of these schools were 
selected, resulting in a clustered sample of in total 297 teachers. The selection was 
based on the following school characteristics (Blom, 1993a): number of students, 
geographic region, the number of months that schools operate the government-
supplied computer network, innovative appearance, and the number of courses 
offered. A maximum diversity within each characteristic was aimed for. The schools 
selected in 1990 were also used for the 1992 sample, resulting in a clustered sample 
of 319 teachers. 
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4.2.3 Collection and processing of data 
Teachers were asked to fill in the questionnaire or to report the reasons for their 
refusal to fill in the questionnaire by means of a red reply card. In total three 
reminders were sent to non-respondents. In 1990 the response by means of a 
questionnaire or a red card was 260 (88%), in 1992 280 (88%). Several teachers 
proved to be incorrectly selected (16 in 1990 and 40 in 1992). The response of the 
correctly selected teachers included, in 1990, 51 reply cards and 193 questionnaires 
that all 193 could be processed. In 1992 these numbers were respectively 72 reply 
cards and 168 questionnaires of which 164 could be processed. Four questionnaires 
were not complete enough to process. To minimize errors, t w o different persons 
coded the complete questionnaires. The two resulting data sets were corrected, 
resulting in a single set that was analyzed with descriptive techniques using SPSS. 
The main reasons for not filling in the questionnaire in 1990 were: the respondent 
does not use computers (52%), the teaching position of the respondent is reduced or 
wil l be in the near future (19%), and respondent does not have time to fill in the 
questionnaire (10%). In 1992 the most frequently mentioned reasons were a lack of 
time (24%) and not using computers (18%). 
4.3 Results 
4.3.1 General teacher characteristics 
On the basis of the available data from 1992, the average agricultural teacher can be 
characterised as follows. He (92% is male) is in the beginning of his forties, has about 
11 years' teaching experience, is for about nine years employed at his present school, 
has a 7 5 % job, and a college-level education (51%) or a university education (28%). 
The large agreement of these characteristics wi th the 1990 characteristics suggest 
that both groups can be treated as comparable. 
It is possible to match this characterisation, that is based on the complete group of 
agricultural teachers, wi th the characterisation of computer users (a sub-group). The 
20 teachers for example, that started in the period 1991-1992, are on the average 37 
years old, have nine years (average) of teaching experience and a 8 0 % job (average). 
The majority (75%) is male. This group is for about six years employed at the present 
school, 6 5 % have a college degree, 2 5 % a university degree. The 18 teachers (100% 
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male) that started in 1987-1988 also have a 8 0 % contract, are then about 37 years 
old and have 12 years of teaching experience. These teachers were working for about 
seven years at their schools, 55% have a college degree and 2 0 % a university 
background. The differences between the 1990 and 1992 groups appear to be small. 
4.3.2 Use of computers 
In 1990 2 8 % and in 1992 4 2 % of the respondents used computers in their teaching. 
Computers were used most in the last two years of the three and four year programs. 
Per full year course, computers were used in 8,5 lesson hours on the average. There 
was no clear preference among respondents for a specific courseware or agricultural 
software package. Many teachers indicated that they use more than one package 
simultaneously. 
Computer use in the subjects animal husbandry, engineering, and land & water 
management and forestry was largest wi th more than 5 0 % in 1992 (Table 4.1). 
Table 4.1 Percentage of computer-using teachers in senior-secondary agricultural 
education for different subjects. and number of respondents teaching different 
subjects 
% Teachers A" 
1990 1992 1990 ' 1 9 9 2 
All teachers 28 4 2 193 1 6 4 
Teachers of subjects: 
animal husbandry 41 52 34 2 9 
engineering 4 0 54 3 0 31 
business economics 28 4 0 4 6 4 3 
land & water management and forestry 27 56 11 9 
hort icul ture 18 20 28 25 
soil science and plant nutr i t ion 12 14 25 21 
food-processing technology 11 14 9 7 
design & maintenance of gardens and green amenities 8 13 27 2 4 
crop g r o w t h (arable farming) 2 29 4 3 38 
f lor istry 0 0 2 10 
1 The number o f respondents teaching the subject indicated. A teachers of ten teaches di f ferent 
subjects. 
Soil science and plant nutrition, food-processing technology and design & 
maintenance of gardens and green amenities showed the smallest computer use wi th 
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less than 1 5 % of the teachers using computers in 1992. Large differences occured in 
the number of respondents per subject (Table 4.1). Business economics and crop 
growth were represented in 1992 by 43 and 38 teachers respectively, where food-
processing technology is represented by only seven teachers. 
The data allowed calculation of the period in which users starts to use computers 
(Table 4.2). Apparently the growth of computer use in the classroom started around 
1984. 
Table 4.2 The periods in which 68 teachers, that were computer users in 1992, 
started to use computers in their teaching 
Period Number of 
starters 
before 1983 1 
1 9 8 3 - 1 9 8 4 2 
1 9 8 5 - 1986 12 
1 9 8 7 - 1988 18 
1 9 8 9 - 1 9 9 0 15 
1991 - 1992 2 0 
4.3.3 Knowledge and opinions with respect to agricultural computing 
Acquaintance 
Knowledge wi th regard to agricultural computing was made operational by means of 
an assessment of teacher's acquaintance wi th agricultural software (Table 4.3). In 
general, the acquaintance of teachers wi th agricultural software appears limited. In 
1992, the highest percentage of respondents acquainted wi th a specific agricultural 
software program was less than 4 5 % of the teachers in the subjects of crop growth, 
horticulture, business economics, engineering, soil science and plant nutrition and 
food-processing technology. Exceptional were teachers in animal husbandry, design & 
maintenance of gardens and green amenities and floristry. Two programs were 
familiar to 8 1 % of the animal husbandry teachers. These teachers appeared well 
informed, since eight programs were mentioned by more than 7 0 % of the teacher as 
programs they are acquainted wi th. For design & maintenance of gardens and green 
amenities and floristry a limited number of programs were available and these were 
known by 6 5 % and 7 0 % of the teachers respectively. 
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Table 4.3 The highest percentage of respondents acquainted with a specified 
agricultural software program 1 for each subject (1992) 
Subject % Subject % 
animal husbandry 8 1 % soil science and plant nutr i t ion 4 2 % 
engineering 4 3 % food-processing technology 2 9 % 
business economics 4 5 % design & maintenance of gardens 
land & water management and for- and green amenities 6 5 % 
estry 6 7 % crop g rowth (arable farming) 4 4 % 
hort iculture 4 0 % floristry 7 0 % 
1 Teachers could indicate for each of 57 specif ied agricultural so f tware programs whether they are 
acquainted w i t h th is program. 
Opinions 
With respect to the opinions of teachers regarding agricultural computing the 
following results are relevant (Table 4.4). Respondents that did not have an opinion 
on specified objectives regarding agricultural computing represent a considerable 
group. This group is the smallest for the items with respect to knowing how to use a 
PC (between 8 and 15% of all teachers in 1992). For the objectives related to farm 
management, and the objectives related to functioning effectively wi th information 
related tasks, in 1992 these percentages were between 14% and 18% respectively. 
For the items related to process automation, this group is the largest (between 2 9 % 
and 36%). However, among teachers wi th a technology-related subject, such as food-
processing technology and agricultural engineering, the percentages for the items 
related to process automation are considerably lower (between 11 and 2 7 % ; Blom, 
1993a). This indicates that the teachers of these subjects have a more explicit opinion 
on this group of objectives. The percentages of teachers without an opinion on the 
specified objectives all decreased in the 1990-1992 period with exception of the 
percentages for the objectives regarding process automation. 
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Table 4.4 Opinions of respondents on the place of specified objectives concerning 
agricultural computing in the agricultural curriculum (1992) 
Categories of specified 
objectives regarding agricultural 
comput ing 
Highest and lowest % of 
respondents w i th in a category 
tha t do not have an opinion on 
specif ied objectives 
Range of highest % of 
respondents tha t agree on place 
in curriculum of a specif ied 
object ive, w i th in a category 
learning h o w to use a PC 
(5 items) 8 - 15 3 4 - 5 5 
process automat ion 
(5 items) 2 9 - 3 6 2 6 - 3 4 
fa rm management 
(5 items) 1 4 - 18 2 9 - 55 
func t ion ef fect ively w i t h 
informat ion related tasks 
(6 items) 1 4 - 1 9 31 - 4 8 
The percentages of respondents that judge an objective to be irrelevant was below 
1 0 % for all objectives (Blom, 1993a). Most teachers think these objectives are 
relevant for one or more of the agricultural-education programs. There is a profound 
difference in opinion regarding the position in these programs. For 17 of the 21 
objectives less than 5 0 % of the teachers situated the objective at the same level. For 
example wi th regard to the role of information in everyday decisions, 2 9 % of the 
teachers situated this objective in the three year program. The other levels were 
represented by smaller percentages. And with respect to an introduction in operating 
a PC, 5 5 % of the teachers thought students should attain this objective before 
entering senior secondary agricultural education, where 2 5 % labeled this objective as 
a part of the senior secondary agricultural curriculum (Blom, 1993a). 
Teachers were asked to give their opinion on items that were related to the 
importance of computers for agricultural practice (Figure 4.1). The percentages of 
respondents that indicated the computer to improve agricultural practice varied 
between 5 9 % and 81 %, depending on the specific items and whether teachers use 
computers in their teaching. Staying informed about the technological changes in 
agriculture was important for 90% of the computer-using respondents and 73 % of 
the non-using respondents in 1992. In 1992, 7 8 % of the computer users and 6 3 % of 
the non-users would like in-service training in this respect. Computers are 
indispensable for the vocation-oriented and supporting subjects, according to 6 9 % of 
the computer-using respondents. 
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i tems group 
1 The importance o f computers fo r N 
agriculture is exaggerated U 
2 The computer is a powerfu l too l t o N 
improve fa rm eff iciency U 
3 The computer improves farm N 
management qual i ty U 
4 I t ry to keep myself informed about N 
technological changes in agriculture U 
5 I wou ld like a course on information N 
technology applications in agriculture u 
6 Computers are indispensable in vocat ion-
oriented subjects U 
Figure 4.1 Opinions of computer-using (U) and non-using (N) teachers of agricultural 
subjects on items with regard to agricultural computing 
4.3.4 Knowledge and opinions regarding support of agricultural teaching and 
learning 
Acquaintance 
Knowledge with regard to the support of computers of agricultural teaching and 
learning was made operational by means of an assessment of teacher's acquaintance 
w i th courseware (Table 4.5). Less than 5 0 % of the teachers for six out of ten 
subjects were acquainted with a specific courseware package. For horticulture and 
design & maintenance of green amenities the percentages were slightly higher (59% 
and 5 4 % respectively). For food-processing technology 8 6 % of the teachers were 
acquainted wi th a specific courseware package. Teachers in animal husbandry 
showed the overall highest percentage: 8 9 % were familiar wi th a specific package, 
and this was not the only package with a high percentage: Eight programs were 
known by more than 8 0 % of the animal husbandry teachers. 
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Table 4.5 The highest percentage of respondents acquainted with a courseware 
package 1, for each subject (1992) 
Subject % Subject % 
animal husbandry 8 9 % soil science and plant nutr i t ion 4 7 % 
engineering 4 7 % food-processing technology 8 6 % 
business economics 4 8 % design & maintenance o f 
land & wa te r management and for- gardens and green amenit ies 5 4 % 
estry 3 7 % crop g r o w t h (arable farming) 3 9 % 
hort icul ture 5 9 % f lor istry 0 % 
'Teachers could indicate fo r each of 4 2 specif ied courseware packages whether they are acquainted 
w i t h th is package. 
Opinions 
Figure 4.2 presents the opinions of teachers on items regarding the support by com-
puters of teaching and learning. Of the non-using respondents, 8 2 % felt the computer 
is not vital for their teaching. In 1992, 69% of the non-users wanted to know more 
about the use of computers in teaching. According to 9 3 % of the non-users, 
computers are suited for educational purposes and about 7% feared the computer will 
deteriorate the social climate in the classroom. 
Of the users 8 2 % wanted to know more about the use of computers in teaching and 
learning. The fear of deterioration of the social climate was felt by 10% of the users. 
Of the users, 5 4 % did not know whether the use of computers will yield improved 
learning results and 6 0 % were insecure about an increase in student performance. In 
addition, 3 4 % did not know whether creativity is enhanced and 2 2 % doubted 
whether computer use will raise student attention. Also 3 2 % of the users did not 
know whether computer use will improve the effectiveness of their teaching. 
Of these users 6 6 % thought that student interest for their subject will be raised and 
8 6 % valued the computer as a tool to improve the quality of their teaching. 
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items group % disagree 
1 Computers can only be used in specific 
subjects A 
2 In-service training about computers should 
be obligatory for teachers in senior 
secondary agricultural education A 
3 I want t o know more about the computer as N 
a work ing too l for teaching and learning U 
4 Working w i t h computers deteriorates the N 
social cl imate in the classroom U 
5 Working w i t h computers improves learning 
outcomes 
6 Student product iv i ty wi l l increase when 
computers are used during teaching 
7 The use of computers in the classroom 
increases mot ivat ion for a subject 
8 Courseware contributes to more effective 
teaching 
9 The computer is a valuable means to 
improve educational quality 
U 19_ 
U " -
creativity U 2& J »_ _ AS 
11 Computer use during teaching increases 
student at tent ion U I 31 
12 Computers are not suited for educational 
purposes N 93 
13 I can very wel l teach w i thou t using 
computers N 8 B I B 
Figure 4.2 Opinions of computer-using and non-using (N) teachers as well as both 
groups of teachers (A) of agricultural subjects on items that concern the improve-
ment of teaching and learning 
Problems 
Teachers were asked to identify problems related to the use of computers. Figure 4.3 
presents the problems that were mentioned most frequently. Several of these 
problems were related to the use of computers for teaching and learning: difficult to 
integrate computer use in regular teaching (mentioned by 3 5 % of the teachers), lack 
of knowledge and skills regarding computer use in teaching and learning (38%), and 
not enough guidelines and expertise wi th regard to computer use in teaching and 
learning (31%). For the integration problem and for the lack of knowledge and skills 
problem these percentages dropped during the 1990-1992 interval. With respect to 
the lacking guidelines and expertise the percentage was stable for the complete 
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group of teachers (Blom, 1993a). 
A specific group of 23 teachers, that started to use the computer in the 1990-1992 
interval, was examined (Blom, 1993a). Of these teachers 6 5 % mentioned in 1990 
the problem of lack of time and in 1992 7 8 % mentioned this problem. These 
teachers also mentioned the problems of knowledge and skills (57%) and of 
integration (52%) and these percentages dropped during the interval. 
i tems 
1 Insuff icient t ime to develop lessons in 
wh ich computers are used 
2 Not enough sof tware for instructional 
purposes available 
3 Not enough computers available 
4 Teachers lack knowledge and skills 
5 Diff icult to integrate computers in regular 
teaching 
6 No room in the school t ime-table for 
students to use or learn about computers 
7 Insufficient expertise/guidelines for helping 
teachers use computers in instruction 
8 Software not specific enough for this 
schools' courses 
Figure 4.3 Important problems connected with the use of computers as indicated by 
agriculture oriented teachers in 1990 and 1992 
4 .3.5 General use of computers 
Opinions and experiences 
More than 9 0 % of the teachers had used a computer in the past. In 1992 7 5 % of 
the teachers had the opportunity to have used a computer at home. Many (90%) of 
the non-using teachers were prepared to learn about computers. Of the non-using 
teachers 6 2 % did not experience difficulties when operating computers and 5 8 % 
thought that learning how to use computers will not take to much time. 
' % of teachers 
^ ^ ^ ^ ^ ^ ^ 
" « 
38. • 
38 
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4.3.6 Involvement in courseware development 
Five items in the questionnaire addressed the involvement of teachers in courseware 
development (Figure 4.4). Only 15% of the teachers believed that they will become 
users of the courseware, that is being developed for agricultural education, and 6 5 % 
indicated that they had no opinion on this matter. Moreover, 5 9 % of the teachers did 
not have an opinion whether development of agricultural courseware was receiving 
sufficient attention. The role of the curriculum committee in courseware development 
wass clear for 11 % of the teachers. A considerable group (48%) would like more 
attention for their needs with respect to courseware development, and 5 3 % would 
like to be more informed about courseware development. 
i tems 
1 Vocation-oriented courseware development is 
suff ic ient ly taken care of 
2 Teachers' needs should receive more attention in 
vocation-oriented courseware development 
3 Teachers are adequately informed on the progress 
in the development of vocation-oriented 
courseware 
4 The role o f curriculum committees in courseware 
development is not clear to me 
5 I am certain that I wi l l use the courseware that is 
developed by the CILO 
Figure 4.4 Opinions of all respondents in 1992 on items related to their involvement 
in courseware development 
4.3.7 Availability and quality of courseware 
Of all respondents, 4 2 % indicated that the limited availability of courseware was a 
problem (Figure 4.3). Specifically many (61%) of the 23 teachers that started using 
computers in the 1990-1992 interval thought this is a problem (Blom, 1993a). 
A possible problem regarding the quality of courseware is that the courseware is not 
enough tailored to the needs of the specific subjects (Figure 4.3). About 2 5 % of the 
teachers mentioned this as a problem. Other problems related to the quality of the 
materials, such as the quality of accompanying materials, the user-friendliness of the 
programmes and the information regarding the software, were mentioned by a 
|S . d i s a g r e e " °b don' t know 
MM m 
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relatively small group of teachers (17%, 9% and 15% respectively; Blom, 1993a). 
4.3.8 Other school-related factors 
The list of problems included 16 problems that concern school-related factors. The 
problem that was mentioned by most teachers (59%) was that of a lack of t ime. 
Among the 23 teachers that started to use computers in 1990-1992, this problem 
was even more abundant (78%). Another often-mentioned problem was that of 
availability of computer equipment (38%). The availability of time in the curriculum for 
teaching about and with computers was indicated by 3 1 % of the teachers as a 
problem. Problems with respect to school policy, such as lack of support from school 
management, limited funding, educational policy does not allow for computers, were 
mentioned, but not frequently (approximately 15%). 
Schools also made a profound difference: at one school, computer use was about 
100%, at another only 2 4 % (Blom, 1993a). The only school-based variable that 
appeared to be linked wi th the differences in computer use is the number of months 
that the computer network is available at the school: the data show a significant 
relation between these two variables. It is impossible to single out other specific 
school characteristics that contribute to the differences between schools. Subject 
taught and school are not independent of each other: At some schools, specific 
subjects were represented with a large number of teachers where other subjects were 
not taught at all. It is impossible with the available date to give a valid estimation of 
the effects of the single school-related variables on the use of computers. 
On the basis of the available data it was possible to obtain information on 45 different 
teams within schools. A team is a group of teachers on one subject within one 
school. It occurs in 24 of these teams, that teachers were not familiar wi th an 
agricultural-software program or courseware package, that was being used by a 
colleague within the team. Apparently in these 24 teams cooperation on computer use 
was practically non-existent. It is impossible to determine whether this factor is 
responsible for the differences in computer use between schools. 
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4.4 Analysis and conclusions 
The results of the surveys, presented in section 4.3, give a description of computer 
use in senior secondary education in 1992. On the basis of this description, and wi th 
the help of the theoretical framework described in chapter 2, it is possible to single 
out the factors that presumably influence the use of computers and courseware. 
These factors are mapped in Figure 4.5 with the help of a usage map (Dickerson & 
Hedman, 1993) and described in the subsequent paragraphs. 
needs tha t f i t funct ional and 
vocational rationales (2) 
agreement on agricultural-computing 
objectives(3) 
information on agricultural 
comput ing (4) 
needs that f i t pedagogical and 
catalytic rationales (6) 
knowledge on agricultural computing 
(5) 
consequences of computer use for 
learning results (7) 
subject taught (1) 
number of computers available (13) 
team or individual use (14) 
f lexibi l i ty of curriculum (15) 
the period computers have been 
available for use by teachers! 16) 
teacher involvement in courseware 
development (8) 
perceived availability of courseware 
(9) 
information channels re available 
courseware (10) 
courseware (11) 
- tailored to subject 
- quality of accompanying materials 
- information regarding courseware 
teacher t ime, available for 
developing lessons w i th computers 
(12) 
Figure 4.5 Factors that influence computer use 
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4.4.1 General teacher characteristics 
The differences between the characteristics of the complete group of teachers and the 
characteristics of computer users were small. A typical computer user was not 
necessarily younger, or more experienced in teaching than his non-using colleague. 
Apparently factors, other than age, gender, education, time employed at present 
school and teaching experience, had larger influence on the decision to start using 
computers. This finding is in line wi th the results of the research of Janssen Reinen 
(1996). 
A distinct general characteristic that appears to be related with the use of computers 
is the subject taught. The subject wi th the highest percentage of use and subject wi th 
the lowest use differ by 56% (Table 4 . 1 , p. 82). This factor appears as factor 1 in 
Figure 4.5. An explanation for the relation between subject and use of computers is 
that in some subjects the place of the computer is more dominant than in others. The 
use of computers in animal husbandry, engineering and business economics is more 
extensive than in floristry and horticulture. A relation between the extensiveness of 
computer use in agricultural practice and the use of computers in the subjects is 
conceivable. 
4.4.2 Use of computers 
Computers are used in the last two years of the three- and four-year programs, on the 
average in 8,5 lessons in a full-year course. This computer use can encompass a five-
minute introduction of an agricultural software program as well as the use of 
courseware during the complete lesson. A teacher often uses several courseware 
packages and agricultural software packages in the same course. This indicates that 
the computer use mainly serves orientation purposes. 
The surveys in 1990 and 1992 showed an increase of computer use from 2 8 % to 
4 2 % in the intermediate two years. This growth started around 1984. A recent study 
on computer use among teachers of six different schools in one AOC, one AOC 
(Groene Delta College, 1996) shows that 4 7 % of the vocation-oriented teachers in 
that AOC uses, or once used, computers in their teaching. An estimate appears to be 
legitimate that at present (1997) approximately 5 0 % of the vocation-oriented 
teachers in Dutch agricultural educucation use or have used computers in their 
teaching. The question is whether this is sufficient. Computers have a profound place 
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in all agricultural vocations. A preparation of students for these vocations implies 
more than an orientation on computers in agriculture and requires the attainment of 
specified objectives (Blom & De Vries, 1990; compare section 2 .2 .1 , p. 16). 
Computer use in all years of the senior secondary programs is needed. In all of the 
vocation-oriented and supporting subjects students need an introduction in the role of 
the computer in the vocation. Consequently, in almost all agriculture-oriented courses 
some computer use should occur. For many subjects, a higher frequency than 8,5 
lessons in which computers are used per year is required due to the large role played 
by the computer in this subject. A legitimate estimate is therefore, that the majority 
(about 3/4 or more) of the agricultural teachers need to use computers during the 
lessons. The results indicate that computer use does not meet these requirements. 
4.4.3 Factors related to knowledge and opinions of teachers 
Agricultural computing 
Most teachers, users as well as non-users, thought agricultural computing is important 
to improve agricultural practice. Also, many users thought computers are 
indispensable in the vocation-oriented and supporting subjects. On the basis of these 
results it is concluded that the majority believed that integration of computer use into 
the vocation-oriented and supporting subjects important. Section 2.2.1 suggests that 
the vocational and functional rationales are among the important rationales. The data 
support this suggestion. Apparently, among teachers there are needs for the use of 
computers that stem from functional and vocational rationales (Figure 4.5, factor 2). 
The question regarding agricultural computing objectives and curriculum levels reveals 
a lack of agreement (Figure 4.5, factor 3) on these objectives. This lack of agreement 
can originate from an absence of an agreed vocabulary to specify these objectives or 
by a disagreement on the content of the agricultural computing curriculum. Moreover, 
there is only restricted knowledge of available agricultural computing software and a 
considerable yearning for more knowledge regarding agricultural computing in 1990. 
In 1992, the knowledge of agricultural computing software had hardly increased. A 
possible explanation regarding this limited knowledge is that it is difficult to obtain 
relevant information on agricultural computing (Figure 4.5, factor 4). 
The acquaintance wi th agricultural software programs was relatively low (Table 4.3, 
p. 82). This indicates that knowledge on agricultural computing (Figure 4.5, factor 5) 
is important in itself. Animal husbandry combines the highest percentage of using 
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teachers (Table 4 .2 , page 82) and the highest percentage of acquiantance with 
agricultural software programs. Most other subjects combine low use with little 
knowledge, some other subjects low use with much knowledge. There was no subject 
that combines high use with low knowledge. This suggests that integrating computer 
use in the curriculum involves investigating agricultural computing. 
Teaching and learning 
Teachers that used computers were insecure whether learning activities and results 
wil l improve by the use of computers (section 4.3.4, p. 86). And many of them found 
it difficult to integrate computer use in their present teaching strategies. Ten 
Brummelhuis et al., (1990) and Ten Brummeihuis and Plomp (1993) found in their 
research on Dutch general secondary education that the use of computers for 
teaching and learning is surrounded with uncertainty. Apparently this also occurs in 
agricultural education. The wish by most users and non-users to learn about 
computers as a tool for teaching and learning, as well as the perceived lack of time to 
integrate computer use, suggests that needs to use computers for teaching and 
learning from pedagogical and catalytic rationales (Figure 4.5, factor 6) exist. 
However, these needs are difficult to translate into actual computer use due to the 
insecurity regarding the consequences for learning results (Figure 4.5, factor 7) that 
surrounds them. 
Computers in general 
The results showed that the majority of teachers had used computers before the 
moment they filled in the questionnaire. Most teachers had the facilities to use 
computers at home. Probably neither the knowledgeability level nor the attitude of 
teachers regarding computers in general are important factors that contributes to an 
increased use in practice. 
Teacher training 
All items that regard opinions of teachers and that are related to in-service training 
showed that a large group of teachers was eager to expand the present knowledge 
and skills, both on agricultural computing and on the use of computers for teaching 
and learning (Figure 4 . 1 , p. 85, Figure 4.2, p. 87). This does not necessarily result in 
a high participation in in-service training. Several factors might impede participation, 
such as school policy wi th regard to in-service training and the available time for in-
service training. These factors have not been indicated by a majority of teachers. 
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4.4.4 Involvement in courseware development 
The opinions of teachers on items related to courseware development all showed little 
involvement {Figure 4.4, page 89). One item indicated that a considerable group feels 
that their needs should play a more important role in courseware development. This 
indicates that these teachers would like to become more involved. The literature on 
courseware development (Van den Akker et al., 1992; Pelgrum et al., 1993) as well 
as on software development (Hix & Hartson, 1993; Schuler & Namioka, 1993) 
indicates that increased involvement probably leads to an increase of use in practice. 
Teacher involvement in courseware development (Figure 4.5, factor 8) is another 
factor, influencing the use of computers and courseware. 
4.4.5 Availability and quality of courseware 
Many teachers perceived the availability of courseware as limited (Figure 4.3, page 
88). Apparently this availability was an important factor (Figure 4.5, factor 9). 
However, teacher's acquaintance with the available courseware was below 
expectation (Table 4.5, page 86). Many factual available courseware packages we 
unknown by a majority of the teachers and were therefore practically not available. 
Apparently there is a difference between factual availability and perceived availability. 
This difference can only be explained by considering the methods employed to inform 
teachers about courseware. It concerns different information channels: for example 
periodicals and other printed materials, in-service training and contacts with 
colleagues. The survey results indicated the contacts with colleagues to be ineffective 
(section 4.3.8), and apparently the other methods also did not yield increased 
acquaintance wi th courseware. These information channels represent another factor 
that influences the use of computers and courseware (Figure 4.5, factor 10). 
A relatively small group of teachers mentioned the quality of courseware, compared to 
other possible problems related to the use of computers, as a problem. Three aspects 
of this quality specifically were mentioned: the degree to which the courseware is 
tailored to specific subjects, the quality of accompanying materials and the 
information regarding the courseware {Figure 4.5, factor 11). 
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4.4.6 Other school-related factors 
The problem mentioned by most teachers wi th regard to the use of computers was 
the limited time available for the development of lessons with computers {Figure 4.3, 
page 88). The literature also indicates this problem as central in the implementation of 
computers in education (Khan, 1995; Pelgrum, Plomp & Janssen Reinen, 1993; 
Young & Heath, 1991). Available teacher time is one at the more important factors 
(Figure 4.5, factor 12). Computers are present at all schools but the number of 
computers was conceived of by 38% of the teachers as limited (Figure 4.3, page 88). 
The number of available computers was another important factor (Figure 4.5, factor 
13). An important factor influencing the use of computers at the school level is that 
of school culture: innovativeness and cooperation are mentioned here by Veen (1994, 
see Figure 2.3, page 24). The finding that many computer using teachers did not 
inform their colleagues suggests that using computers is an individual and not a team-
supported enterprise. Fullan (1994b) stresses the importance of a balance between 
collegiality and isolation. Presumably this balance has not been achieved where 
computer use is concerned. Team or individual use is another factor to consider 
(figure 4.5, factor 14). 
Teachers indicated that there was not enough time in the curriculum for using 
computers. This indicates that the curriculum was not very flexible wi th regard to the 
integration of computer use. This integration at least partly concerns the integration of 
agricultural computing and is impossible to achieve when the different elements in the 
curriculum remain inert and are not discussed in relation to the use of computers. 
Existing elements may need to be abbreviated, reshuffled, or skipped, and new 
elements may need to be introduced. Flexibility of curriculum is a factor that 
influences computer use (figure 4.5, factor 15). A significant relation between 
computer use and the number of months a school has computer network available 
suggests that time is an important factor in this innovation. Section 2.2.2 (p. 22) 
outlines experience as an important factor (Veen, 1994) and time is needed to allow 
for sufficient experience. The period that computers have been available for teachers 
to use is another factor that influences computer use (Figure 4.5, factor 16) 
There was a large difference between the use of computers by teachers of different 
schools (section 4.3.8). This suggests a relation between school-related factors and 
the use of computers. School-related factors that presumably influence the use of 
computers and that have not already been mentioned in the previous part of this 
section are school policy, the occurrence of enthusiastic teachers, the organisation of 
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subject-based teacher groups, the budget for computing equipment, and the 
enthusiasm and professionalism of technicians that support computer use. Figure 4.5 
depicts a general factor school (17) that represents a number of related factors that 
are difficult to disentangle. 
4.5 Discussion 
Figure 2.3 (p. 24) presented an overview of factors that possibly influence the use of 
computers and courseware in practice. On the basis of the results of the survey, the 
factors that probably are relevant for Dutch agricultural education are assessed and 
depicted in Figure 4.5 (p. 91). The previous section (4.4) reviewed and specified these 
factors. The aim of the present section is to identify and discuss, on the basis of the 
assessed factors, the prescriptions for courseware development that recognize these 
factors and consequently will increase use in practice. 
Section 4.1 poses, that the teacher is the central actor and decision maker wi th 
respect to the use or no-use of the courseware. The decision is the result of a trade-
off between features of the courseware and the costs of using the courseware (Figure 
2.5, p. 47). A way to influence teacher's decision making is to improve courseware 
quality and lower the costs of using the courseware. Shackel (1990) distinguishes 
three quality aspects: utility, usability and likeability. Improving the utility of the 
courseware implies enlarging the degree to which the courseware addresses the needs 
of the user. Improving the usability means developing courseware with lower costs of 
use: the resulting courseware is easier to use and to learn. Presumably, improving the 
likeability of courseware, that is to be used in a professional teaching environment, to 
a large degree will coincide wi th improving the utility and the usability: Instruments 
that help to perform professional tasks most adequately will invoke pleasure. 
Another line of reasoning suggests that teachers lack the professional development to 
decide. They need to go through a learning process (Van den Akker, 1988). This line 
of reasoning leads to prescriptions that urge courseware development to match this 
learning process. This results in the following three groups of prescriptions: 
a) courseware should address needs; 
b) courseware should lead to lower costs of use; 
c) courseware development should match teacher learning. 
98 CHAPTER 4 
Subsequent paragraphs review the 17 factors depicted in Figure 4.5 and present use-
increasing prescriptions. Table 4.6 presents an overview of the resulting prescriptions. 
Table 4.6 Overview of courseware development prescriptions that are likely to 
increase the use of courseware in agricultural education practice 
Courseware should address needs 
1 Courseware should support integration of agricultural comput ing in curr iculum 
2 Courseware should indicate where relevant issues should be integrated in exist ing content 
3 Courseware development should al low for small paced change of curr iculum 
4 Courseware development should be subject specif ic 
5 Courseware should support teaching and learning by indicating w h a t learning results are 
achieved w h e n students the courseware 
Courseware should lead to lower costs of use 
6 Courseware should minimize teacher t ime investment regarding 
a) learning h o w to use a specif ic courseware package 
b) developing an instruct ional strategy tha t incorporates the courseware 
c) organising f i rst use 
d) preparing specif ic lessons 
e) handling the courseware during teaching 
7 Courseware should al low fo r use in classroom sett ings where l imited numbers of PCs are 
available 
8 Courseware development should be school specif ic 
Courseware development should match teacher learning 
9 Courseware should support inexperienced users when learning h o w t o use the courseware 
10 Courseware should provide a specif icat ion of f i rst use tha t wi l l lead t o guaranteed success: 
a) the accompany ing materials should incorporate a specif icat ion of student exercises and 
learning act iv i t ies, and the learning results tha t fo l low f rom these exercises and activi t ies 
b) the courseware should clarify the relation between the use o f the computer and these 
exercises, learning activi t ies and learning results 
11 Courseware should of fer the experienced users possibilities t o tai lor the courseware to their 
specif ic needs 
12 Courseware development should involve (preferably teams of) teachers as subjects of analysis, 
as expert ise contr ibutors, informat ive and summat ive evaluat ion, as producers and co-designers 
of courseware 
13 Courseware development should be part of normal routines of instruct ional materials 
development 
14 Courseware should be embedded in regular curr iculum materials 
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4.5.1 Courseware should address needs 
Support of curriculum integration 
The dominant categories of needs are the needs that fit the functional and vocational 
rationales and the needs that f i t the pedagogical and catalytic rationales (factors 2 & 
6). Integration of computers in agricultural curriculum involves the integration of 
agricultural computing into the agricultural subjects (on the basis of vocational and 
functional rationales) as well as the use of computers to strengthen teaching and 
learning (on the basis of the pedagogical and catalytic rationales). The importance of 
the integration of agricultural computing is agreed upon among agricultural teachers, 
while the use of computers to strengthen teaching and learning is surrounded wi th 
uncertainties. An obvious conclusion is that courseware, inspired by the functional 
and vocational rationales probably will be used more than courseware that only 
contributes to an improvement of teaching and learning processes. A similar 
conclusion is given by Heath and Young (1994) and Pilot (1994). Courseware should 
support integration of agricultural computing in curriculum (prescription 1). 
Integrating agricultural computing in curriculum is perceived as important. 
Disagreement exists, however, on the way relevant objectives should be distributed 
across the agricultural curriculum (factor 3). Courseware, therefore, must provide 
support that addresses the dispute on the distribution of agricultural computing 
objectives across the curriculum: The courseware should indicate where relevant 
issues (compare Table 4 . 1 , p. 81) should be integrated in existing content 
(prescription 2). 
One of the problems of computer use indicated by the survey is curriculum 
inflexibility. Present curriculum is not always flexible enough to incorporate computer 
use on a large scale. Normal routines of curriculum change involve a regular updating 
of curriculum materials. In this updating some issues are omitted and others added, 
depending (among others) on occurring changes in the vocations. The changes in 
agriculture in relation to agricultural computing are important incentives for this 
updating. This process of updating only allows for small-paced change. Integrating 
computer use within present limits of curriculum flexibility implies using the small-
paced process of regular updating. Courseware development should allow for small-
paced change of curriculum (prescriptions). 
Computer use between subjects (factor 1) is highly variable. The differences in 
computer use in the subject-related agricultural vocations suggest that the needs wi th 
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respect to the integration of agricultural computing in curriculum differ between 
subjects. To address these needs, a subject specific approach is better suited and will 
probably yield more use in practice than a general approach. Courseware development 
should be subject specific (prescription 4). 
All use of courseware, whether from the integration of agricultural computing in 
curriculum or from the improvement of teaching and learning perspectives, will 
employ computers to improve learning results. Agricultural teachers appear to be 
insecure wi th regard to the improvement of learning results that stem from the use of 
computers (factor 7). An approach to cope wi th this insecurity is suggested by Van 
den Akker (Van den Akker, 1988; Van den Akker et al., 1992). It should be clear from 
the courseware (either from the software or from the accompanying materials) what 
objectives can be achieved and how. Courseware should indicate what learning results 
are achieved by the use of the courseware (prescription 5). 
4.5.2 Courseware should lead to lower costs of use 
Teacher time investment 
This survey, as well as other research on computer use (Pelgrum & Plomp, 1993), 
indicates teacher time investment as a crucial factor that influences computer use 
(factor 12). Teachers need time for the introduction of computers in their subject and 
this t ime is hardly available (Kahn, 1995). Teachers will therefore evaluate available 
courseware wi th respect to the time necessary to use the courseware (Van Diggele & 
Carleer, 1989). The necessary teacher time investment includes the following 
categories. Time is needed to : 
a) learn how to use a specific courseware package; 
b) develop an instructional strategy that incorporates the courseware; 
c) organise first use; 
d) prepare specific lessons; 
e) handle the courseware during teaching. 
A plausible prescription therefore is: Courseware should minimize time investments on 
any of these aspects (prescription 6). 
Limited number of PCs 
Agricultural teachers perceive a lack of computers (factor 13). The Ministry of 
Agriculture, Nature Management and Fisheries supplied all schools wi th eight 
networked PCs (section 3.3, p. 67). Some schools will have purchased additional 
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machines. The organisation of the use of these PCs is school specific. Some schools 
may have computer rooms that are generally available, in other school the computer 
rooms may be available primarily for computing and mathematics teachers. The 
courseware should anticipate available PCs and preferably should not require larger 
numbers of PCs but anticipate use with a limited number of PCs; for example by 
allowing t w o or more students to use one computer and to allow for use outside 
teaching hours. More generally stated, it is advisable that the courseware allows for 
use in classroom settings where limited numbers of PCs are available (prescription 7). 
School specific courseware development 
The survey shows large differences in computer use between schools (factor 17), 
suggesting that school-related factors have a large influence on computer use. The 
nature of these factors remains largely uncovered. Many of these factors are related 
to the available resources regarding computer use and thus refer to the costs of 
computer use. Courseware development in school-specific contexts can be more 
directly related to school-specific, cost-related factors than courseware that is 
developed for agricultural education in general. Courseware development should be 
school specific (prescription 8). 
4.5.3 Courseware development should match teacher learning 
The fact that the period that computers have been available for use by teachers 
influences computer use (factor 16) suggests that professional development of 
teachers plays a role in the introduction of computers in curriculum. Several other 
factors that influence use of computers and courseware indicate that teacher learning 
is likely to improve computer use: 
a) the disagreement on agricultural computing objectives (factor 3); 
b) the information and knowledge on agricultural computing (factors 4 & 5); 
c) the insight in the consequences of computer use for learning results (factor 7); 
d) the difference between perceived availability of courseware and actual availability 
(factor 9 & 10). 
The agricultural teachers appear to value their learning and the possibilities to expand 
their knowledge and skills in relation to computer use (section 4.4.3). Relevant 
moments for teacher learning are: when using courseware, when being involved in 
courseware development, and during the moments of professional development that 
are part of normal teaching practice. 
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Support (first) use of courseware in the classroom 
The group of teachers that are to use courseware consists of both experienced users 
(a growing group) and inexperienced users (a diminishing group). This distinction is 
important in relation to first use (Van den Akker, 1993; Keursten, 1994; Perkins, 
1985) since there is a profound difference in first use by those inexperienced with and 
those experienced wi th computers. The first use of the courseware should be 
worthwhile for both groups. This implies for the group of inexperienced users that the 
courseware should support learning how to use the courseware (compare factor 12), 
for example by including teacher exercises and guidelines regarding use in practice or 
even auto-instructional materials (prescription 9). 
Mainly, the inexperienced users will need support when organising first use, preparing 
specific lessons and handling courseware during teaching. This support can be 
provided in a specification of first use that will lead to improved chance of success 
(Van den Akker, 1993; Keursten, 1994) (prescription 10): 
a) the accompanying materials should incorporate a specification of student 
exercises and learning activities, and the learning results that fol low from these 
exercises and activities (compare factor 7); 
b) the courseware should clarify the relation between the use of the computer and 
these exercises, learning activities and learning results (address needs that f i t 
pedagogical and catalytic rationale, factor 6). 
The experienced users are more skilled in developing instructional strategies wi th the 
courseware and they probably want to tailor the courseware to their needs (De Diana 
& De Vries, 1990). For this group of users prescriptions 9 and 10 should not lead to 
slowing down the use of experienced computer users. Moreover, the courseware 
should offer the experienced users possibilities to tailor the courseware to their 
specific needs (prescription 11) and promise the experienced computer users that it 
will become an instrument to improve individual teaching (Perkins, 1985). 
Teacher involvement in courseware development 
The survey shows little teacher involvement in courseware development (factor 8). It 
is important to enhance the involvement of teachers in courseware development so 
they will expect the courseware to be useful, and have an opportunity to become 
acquainted with the possibilities and limitations of courseware. Also it improves on 
the development of courseware that is adapted to the needs of these teachers 
(section 4.5.1). Section 2.4.5 (p. 55) outlines the different possibilities for teacher 
involvement in software development: teachers as subjects of analysis, teachers as 
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expertise contributors, teachers involved in formative and summative evaluation, 
teachers as producers of courseware, and teachers as co-designers. Most teachers 
appear to integrate courseware in their teaching on an individual basis (factor 14). 
Preferably the courseware development involves teams of teachers in oreder to 
promote team learning in stead of individual learning (Fullan, 1994b). Courseware 
development should involve (preferably teams of) teachers (prescription 12). 
Teacher learning embedded in teaching practice 
Teachers have their own professional development habits to keep up wi th changes in 
agriculture and in teaching and learning practices. Examples of these habits are 
subscriptions to agricultural journals, regular contacts wi th agricultural practice, 
participation in in-service training, and keeping up with new curriculum materials for 
example by means of catalogues and contacts wi th colleagues. Time is an important 
constraint for teacher learning (compare factor 12) and the learning should be 
embedded as much as possible in everyday teaching practice. 
These professional-development habits should confront teachers wi th existing 
courseware and available agricultural-computing software (factors 5, 9 & 10). This 
implies that courseware should as much as possible be integrated in existing instruc-
tional materials and developed within the normal routines of instructional materials 
development. Courseware development should be part of normal routines of 
instructional materials development (prescription 13). Courseware packages released 
as a part of, or as updates of instructional materials are more likely to become known 
(and used) by teachers. Such instructional materials can also be used to confront 
teachers wi th available agricultural-computing software and available courseware. 
When for example instructional materials on animal husbandry include listings and 
examples of this software, teachers would as a matter of course be confronted wi th 
this software. Courseware should be embedded in regular curriculum materials 
(prescription 14). 
This strategy also has other benefits. It can ease the integration of agricultural 
computing in regular curriculum materials. It contributes to overcoming the problem of 
limited t ime in the curriculum available for using computers, since the instructional 
materials are geared to the available time in the curriculum. In addition, it generates 
courseware that is tailored to specific subjects. 
With the formulation of the 14 use-increasing prescriptions on the basis of the use 
influencing factors the present chapter comes to an end. The subsequent chapter will 
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specify and extend the map of use-influencing factors by studying specific teaching 
and learning situations in detail. It also will provide a supplementary overview of use-
increasing prescriptions. 
5 USE-INFLUENCING FACTORS IN SPECIFIC TEACHING 
CONTEXTS 
5.1 Introduction 
The preceding chapter reported the results of a questionnaire among agriculture-
oriented teachers in senior secondary agricultural education and yielded an overview 
of factors that are hypothesized as related to the use of courseware in practice (Figure 
4.5, p. 91) as well as a set of prescriptions that are likely to increase use in practice 
(Table 4 .6 , p. 98). This chapter will contribute to the overview of factors and the set 
of prescriptions by studying specific teaching and learning contexts in detail. It aims 
for an improved description and a better understanding of the use of computers and 
courseware. The research question central to this chapter is: What factors determine 
the use of existing courseware in specific teaching and /earning contexts in 
agricultural education and what use-increasing prescriptions can be generated on the 
basis of these factors? 
Section 5.2 describes method and instrument of this study. The results are presented 
next (5.3) and are followed by the analysis and the conclusions (5.4), resulting in an 
extended overview of factors influencing computer use. Section 5.5 discusses these 
conclusions and presents an supplementary overview of relevant courseware 
development prescriptions. 
5.2 Method and instrument 
Method 
The purpose of this study was to elaborate the overview of factors that influence 
computer use in practice (as presented in Figure 4.5), achieve a better understanding 
of the way these factors influence computer use and improve on the prescriptions for 
courseware development (as listed in Table 4.6). In line wi th this purpose, emphasis 
was given on building an understanding of the decision making by teachers with 
regard to the use of computers and courseware in specific teaching and learning 
contexts. To describe specific teaching and learning contexts, as well as the factors 
that influence the decision making of teachers, structured open interviews are an 
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appropriate method (Patton, 1990). Such interviews were executed in the fall of 
1995. Each interview represented a specific teaching situation wi th one teacher using 
(or not using) courseware in a specific context. The collected information is 
subjective: The interpretation of the teacher wi th regard to the decision to use or not 
use the courseware and with regard to the factors that influence is decision, is 
recorded. 
Instrument 
To structure the interviews, a list of questions was devised. The issues to be 
addressed in the interviews originated from the overview of factors that possibly 
influence computer use as presented in Figure 2.3 (p. 24) and the overview of factors 
that were indicated by agricultural teachers to influence computer use (Figure 4.5). 
Three groups of questions (Appendix A) structured the interviews. The first group 
concerned information regarding actual use of the courseware, such as name of 
courseware, characterisation of the course and the students, number of lessons the 
courseware is used in, purpose of the course, purpose of the courseware and 
computer related facilities. The second group pertained to the adoption of the 
courseware by the teachers. Important issues are: reasons to use the courseware, the 
way the teacher learned about the existence of the courseware; intended student 
learning results; shortcomings and positive aspects of the courseware. In the third 
group, the questions related to the factors and prescriptions, presented in Figure 4.5 
and Table 4.6. Relevant topics included: prescription of first use by the courseware; 
indication of the anticipated learning processes; support of teacher learning; required 
hardware facilities; required time investments; relation with existing learning materials; 
embedding of agricultural computing. 
Selection of respondents 
Respondents were selected on the basis of their recent purchase of courseware. 
Presumably these teachers were in a stage of making decisions about the use of the 
courseware and integrating the courseware into their teaching. From the distributor of 
agricultural courseware (Stoas) a list of buyers of five courseware packages, familiar 
to the researcher, was acquired. The buyers, registered in the period January 1993 to 
August 1995 were selected. This resulted in a list of 29 buyers of courseware. Most 
buyers (20) worked outside junior- or senior-secondary agricultural education, for 
example in higher agricultural education or in agricultural practice. The other buyers 
were teachers that use or considered using courseware, or a colleague or an 
educational assistant of the teacher that ordered the courseware. Teachers that 
intended to use the courseware were approached and an interview was requested. 
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The goal of these contacts was to receive permission of in total five interviews. In all, 
seven teachers were approached. The most important reason for two teachers not to 
permit an interview was that these teachers did not use the courseware. One teacher 
did not succeed in installing the courseware on the school network. The other teacher 
when inspecting the courseware concluded that the validity of the content of the 
courseware could not completely be trusted. Consequently, five respondents were 
willing to give an interview. 
Interview and analysis procedure 
The specified questions were used as guide and checklist. The interviews were 
recorded wi th audiotapes, typed verbatim and the resulting documents were analyzed, 
yielding a description of each teaching situation. The issues, central in these 
descriptions are: 
a) the main purposes of computer use; 
b) type of computer use and first use; 
c) student characteristics; 
d) facilities; 
e) relation wi th curriculum; 
f) characteristics of courseware that support use in practice; 
g) teacher time investments; 
h) information channels re available courseware. 
5.3 Results 
The interviews are administered in October and November 1995, leading to a 
description of five different teaching situations in which the computer was used (or 
not used). Table 5.1 presents an overview of the characteristics of the five 
interviews. In the interview on crop production (interview D), the teacher invited a 
colleague to participate. The subsequent five sections will describe the teaching 
situations as represented by the five interviews. The issues that are central in these 
descriptions are depicted in section 5.2. 
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Table 5.1 Overview of the different interviews that provided the data for analysis on 
factors influencing computer use 
Teacher Teaching subject School Recently purchased courseware'* Inter-
view 
Mr. A . dairy husbandry senior secondary 
agricultural 
Koefok (Dairy cat t le breeding), 
Leran-M (Learning h o w to 
educat ion in R 2 . analyze dairy farm management) A 
Mr. B. design & maintenance 
o f gardens and green 
junior secondary 
agricultural 
Plantselectie (Plant selection) 
amenit ies educat ion in R. B 
Mr. C. animal husbandry senior secondary 
agricultural 
educat ion in H. 
Leran-M (Learning h o w to 
analyze dairy farm management) , 
Leran-Z (Learning h o w to analyze 
pig farm management) C 
Mr. D. crop product ion junior secondary Begroting g lastu inbouw (Cost 
Mr. F. agricultural 
education in R. 
est imation greenhouse farming) 
D 
Mr. E pig husbandry senior secondary 
agricultural 
education in A. 
Leran-Z (Learning h o w to analyze 
pig farm management) 
E 
1 Source: Stoas, 1995 . 
2 T o w n where the school is located. 
5.3.1 interview A, dairy husbandry 
The main purposes of computer use 
Mr. A. indicated two main purposes of the use of computers. The first is to help 
students to analyze farm management, and to use numerical characteristics in this 
analysis. The second is to arouse students' interest wi th regard to the breeding of the 
dairy livestock and to have students find their own position wi th regard to the role of 
dairy breeding in farm management. 
Type of computer use and first use 
In total , Mr. A. used four different packages in a course on dairy farm management; 
two courseware packages {Koefok and Leran-M) and two agricultural software 
packages (Comru, a dairy farm management program, and Bbw, a dedicated 
calculation program that supports cost estimations). The course consists of three 
groups of about 6 - 8 lessons, and practice related assignments. In the first group the 
courseware package Leran-M, directed at analysis of quantitative data of a dairy farm, 
is central. In the second group, students use the commercially available Comru 
software. The last group is dedicated to dairy breeding and Koefok, the courseware 
on dairy cattle breeding, is used. One of the practice related assignments requires the 
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use of the calculation program Bbw. Mr. A. developed a series of assignments that 
lead the students through the components of the course. He used an existing 
textbook as a starting point for the development of these assignments. 
In the 1995-1996 course, 23 students participated. Students worked in small groups 
of t w o , three or four students on the assignments that require the use of computers. 
They were free to determine their own pacing. They also used the programs when 
working on the assignments outside teaching hours. With Koefok, students did not 
operate the computer, but filled in paper forms. These input data were entered into 
the computer by Mr. A. Koefok processed this input and the output was used by 
students to decide on the breeding of their (imaginary) dairy cattle livestock. 
Student characteristics 
Students in the fourth year of the four-year program participate in this dairy-farming 
course. When given clear instructions, these students are capable of handling 
computers on their own, without inappropriate behaviour. According to Mr. A., the 
difference in background of these students is important. For example, some students 
are familiar wi th dairy cattle breeding because they originate from a dairy farm, while 
others do not have a farming background; some have a farm management system at 
home, others don't. To motivate this group of students, the assignments and the 
materials need to be recognizable for the students from their different practical 
experiences. Motivating students requires the course and the materials to be lifelike. 
Using assignments where students enter some kind of competition also helps 
motivating students. 
Facilities 
Mr. A. is member of the school management team and has a small teaching appoint-
ment (2 or 3 lessons each week). An important incentive for him was to act both as 
an example for other teachers, as well as a 'guinea pig' for his own policies regarding 
educational innovations. In his teaching appointment he implemented his own policies 
and guidelines regarding teaching. Mr. A. is in a position to invest more time in lesson 
preparation than his colleagues. A separate computer room with 12 stand-alone PCs 
was available for agriculture-oriented courses. 
Relation with curriculum 
The course is on dairy-farm management, in the fourth year of the curriculum. Mr. A. 
adapted the content sequence from existing printed materials. Important incentives to 
integrate computer use in curriculum were: the lack of training in higher-order thinking 
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skills and the lack of critical farm management analysis in the preceding courses. 
Characteristics of courseware that support use in practice 
Mr. A. required the courseware to be easy to use and easy to understand for students 
as well as the teacher. It should offer opportunities for students to practice wi th 
already-presented content. It should support assignment-based instruction. It should 
allow for importing agricultural reality into the classroom. The validity of this 
agricultural reality must be beyond doubt. This agricultural reality often is regional 
specific: A dairy farm in the region where Mr. A. teaches differs from such a farm in 
an other region in the Netherlands. The courseware should also cover the content 
within the available curriculum time. It should allow teachers to start using it 
immediately. 
Teacher t ime investments 
The initial t ime invested by Mr. A. to become acquainted wi th the program and to 
integrate the program in teaching practice amounted to about 32 hours for the dairy 
cattle breeding program and 16 hours for the farm-management analysis program. The 
time necessary for regular lesson preparation is comparable to what Mr. A normally 
requires (about 30 minutes to one hour). 
Information channels re available courseware 
Because Mr. A. participated in school management he kept up wi th relevant 
curriculum materials. He also participated in national curriculum development 
activities. Once a year a national conference on agricultural curriculum materials is 
organised and he attends this conference. Mr. A 's comment on this conference was 
that not all relevant materials are presented: Materials that satisfy teaching practice 
but are not fashioned very well, are absent. 
5.3.2 Interview B, design & maintenance of gardens and green amenities 
The main purposes of computer use 
According to Mr. B., students need to become acquainted wi th a practice where 
computers are used to draw and design gardens. Moreover, students are required to 
recognize and name plant species, and to use these plant species in garden design. 
The computer is used to improve student learning in this respect. 
USE-INFLUENCING FACTORS IN SPECIFIC TEACHING CONTEXTS 111 
Type of computer use and first use 
After purchasing Plantselectie, Mr. B. was not able to install it on his PC. He could not 
understand the installation instructions. He used a commercially available hobby 
program for garden design. In groups of two , students need to make a final 
qualification assignment in their last year (a garden design) and realize this design in 
the school garden. Students use the program to draw the design. In class, they learn 
to use the program and draw their own design. In total, the program is used for about 
five hours. If the weather conditions impede working outside, this can run up to ten 
hours. In addition to the garden design program, Mr. B. would like to have a software 
tool that helps students to select plants for the design. However, such tools are 
commercially available but too expensive; and the existing courseware package 
(Plantselectie) does not run on the available hardware. The tool would be perfect for 
Mr. B. when it also incorporates plant-images and allows for practising plant 
recognition and plantname spelling. 
Student characteristics 
A student group normally consists of 20 students, that are in the last year of a junior 
secondary agricultural program on the design & maintenance of gardens and green 
amenities. Mr. B. indicated that these students need supervision when they work wi th 
computers. 
Facilities 
The school has a computer room with 12 networked computers. It is equipped wi th a 
matrix printer that does not answer the requirements of the drawing program. This 
computer room needs to be booked in advanced, since it is often used. It is not open 
for students to use computers outside teaching hours. A colleague acts as network 
manager. 
Relation with curriculum 
Mr. B., to a large extent, is free to determine the content of the course as long as the 
course prepares students to make the requisite qualification assignment. Important 
curriculum-related incentives to start using computers are mentioned above (purpose 
of using computers). 
Characteristics of courseware that support use in practice 
The courseware should fit Mr. B.'s instructional strategies, encompass student assign-
ments, should be easy to install, easy to use and easy to learn. In Mr. B.'s opinion the 
courseware content should reflect agricultural practice in the sense that most 
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important plant species need to be included. The drawing program needs to resemble 
the programs that are used in vocational practice. 
Teacher time investments 
Mr. B.'s initial investment in the drawing program amounted to 24 hours. This 
included aspects of acquaintance with PCs in general. Installation of the program on 
the school network was done by the network manager. The regular time investments 
were well within acceptable limits. Assignments needed to be copied, the program 
was available on the network and needed little attention. During lessons, the printing 
of the results took extra time since the available matrix printer did not meet the 
printing requirements. Resulting files needed to be transferred to a computer wi th a 
laser printer. At the date of the interview, Mr. B. had also invested about 24 hours in 
the Plantselectie courseware. However, he did not succeed in installing the 
courseware on his computer at school. 
Information channels re available courseware 
Mr. B. found the hobby program for garden design somewhere in a shop. He bought 
Plantselectie on the basis of information in the learning materials catalogue and 
intended to use this program as a support for students to select plants that f i t their 
garden design. 
5.3.3 Interview C, animal husbandry 
The main purpose of computer use 
Mr. C. indicated three purposes of computer use: 
a) students learn the meaning of numerical fertility characteristics; 
b) they learn the background of numerical characteristics; 
c) they learn the stepwise procedure for farm management analysis. 
According to Mr. C. students are easily satisfied wi th numbers and tend to neglect the 
meaning behind them. They should learn to fathom the numbers and locate possible 
problems and opportunities for improvement. 
Type of computer use and first use 
Mr. C. evaluated the purchased courseware (Leran-M and Leran-Z], but had not yet 
used the courseware during lessons. He intended to do so in that years courses on 
dairy and pig farming. Students will work wi th courseware that is directed at analysis 
of quantitative data of dairy farms (Leran-M) and an identical package for pig-farm 
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analysis (Leran-2). About four lessons will be invested in working with this 
courseware. Students will not work outside teaching hours wi th this program, since 
neither programs nor facilities permit individual use by students without guidance. 
Other programs, such as Koefok and spreadsheet applications, are available at school, 
but not used. Mr. C. did not know where to find the time to investigate these pack-
ages; specifically a package as Koefok is time-consuming. 
Student characteristics 
The Leran-M courseware will be used in the fourth year of the four year program of 
senior secondary agricultural education, in two different courses. The student groups 
are small, implying that both dairy as well as pig husbandry will be combined into one 
group consisting of 11 students and another group of six. According to Mr. C , the 
courseware is not suited for students at the end of the three year program. 
Facilities 
Two computer rooms wi th 16 networked computers each, are present at school. 
However, these rooms are almost always booked for computing lessons and often not 
available for occasional use. There are no facilities for students to work wi th 
computers outside teaching hours. 
Mr. C. indicated the student groups to be small. Since the number of teaching hours 
do not only depend on the course to be taught, but also on the number of students, 
the teaching hours are consequently reduced. This forced Mr. C. to use instructional 
strategies that include much independent work by students. 
Relation with curriculum 
Mr. C. will use the courseware in existing certificate courses Optimizing dairy and pig 
farming, and Management of dairy and pig farming. Increasing students' cognitive 
skills in relation to farm-management analysis was a major incentive for Mr. C. to start 
using computers. 
Characteristics of courseware that support use in practice 
The required time investment was one of the most crucial factors that impeded the 
use of courseware in practice. According to Mr. C , courseware needs to be ready to 
use and is preferably accompanied with a short training session that allows for 
immediate use in practice. 
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Teacher time investments 
Since Mr. C. taught both dairy and pig farming, he needed to invest time in both 
subject matter areas. Mr. C. invested about five to ten hours in Leran-M for dairy 
farming and an additional equivalent in comparable courseware (Leran-Z) for pig 
husbandry. 
Information channels re available courseware 
Mr. C. learned about the courseware packages during the subject-oriented inservice 
training and in the curriculum-materials catalogue of Stoas. In the past years, subject-
oriented in-service training has been rare. School policy prescribes minimizing the 
number of cancelled lessons. This made participating in these in-service training 
activities difficult for Mr. C . 
5.3.4 Interview D, crop production 
The main purpose of computer use 
Mr. D. mentioned two types of purposes. The first type was related to curricular goals 
that are important for students to attain. Mr. D. thaught it is important for students to 
learn how to decide on the basis of information that is available or can be generated. 
A typical and ideal image of a courseware package is that of a simulated greenhouse 
farm where different information from a diversity of sources (crop observations, fax, 
newspaper, crop profits, numerical characteristics, accountant) becomes available, 
urging for farm management decisions. Students then have to make such decisions. 
The second type of purpose as described by Mr. D. was primarily related to the 
support of teaching tasks. Mr. D. described the computer as a machine, that can be 
used to generate short assignments. These assignments can be given to students, 
depending on their learning process or specific questions. For example, when students 
have a question regarding a specific concept, the computer can help students to 
answer these questions when there is a program available that contains the answers. 
This second purpose can be called that of a teacher toolbox. 
Type of computer use and first use 
There was one PC wi th LCD overhead screen available for use in a classroom. 
Occasionally, Mr. D. used this PC to illustrate his arguments, to give examples, or 
present computer applications. Students to a large extent are working individually. 
Sometimes, Mr. D. gave students assignments that incorporate working on this 
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computer. Such an assignment normally takes about five or en minutes. After this 
assignment, the student will continue with his or her other work or start another 
assignment. Several programs were used, a planning program for the growth of 
radishes, a calculation program for the growth of freesia, a program that connects the 
PC wi th a central database with information on actual auction prices, a climate control 
simulation program for greenhouses, several travel-planning programs (by train, by 
car), a program on arable farming and the environment and a program that deals with 
plant growth on artificial substrates. 
Student characteristics 
Students were in the junior secondary agricultural program on crop production, wi th 
emphasis on greenhouse farming, since this dominates the agriculture in the region. 
These students need supervision when they work on a computer. They need to 
recognise aspects of agricultural practice to become motivated. And the group is very 
diverse. Incidently, a student wi th learning disabilities that needs extra attention is 
among them. Mr. D. indicated that it is difficult for students in junior secondary 
education to stay concentrated on the lesson. To keep students concentrated, Mr. D. 
used short assignments. Mr. D. also used elements of gaming and competition to this 
effect. 
Facilities 
With one PC and LCD screen, hardware facilities were limited. A computing teacher 
acted as system manager and assists the crop production teachers wi th maintenance 
of hardware. 
Relation with curriculum 
The diverse use of the different courseware packages was interwoven by Mr. D. in his 
teaching of crop production. Some examples are the following. Where decision 
making is involved and the computer can play a role, Mr. D. would suggest a 
computer-related assignment, such as having students plan their travel by train to the 
practical-training centre; or planning the route that flowers have to go after cutting 
and bundling. Mr. D. used the planning program on the growth of radishes mainly to 
teach or illustrate aspects of planning a growing period. Arable farming and 
environment was used by Mr. D. because several relevant concepts are well 
described, and the courseware can be used as reference book. The overall rationale 
for using the computer in curriculum is probably best indicated with the typical image 
of the information processing on a greenhouse farm: training of students in rational 
and considered decision making on the basis of available information. 
116 CHAPTER 5 
Characteristics of courseware that support use in practice 
According to Mr. D., courseware needs to be easy to learn and easy to install. An 
initial t ime investment of about five hours is acceptable to Mr. D.. He prefered an 
element of gaming to be included. This helps student to become motivated and stay 
concentrated. An ideal package is described above. Mr. D. would prefer the 
courseware to be announced in the specialist journals on agriculture he reads, or in a 
subject specific overview of relevant courseware. The courseware needs to give 
students not only an abstract structure, but also a few agricultural related holds that 
they can identify themselves wi th . 
Teacher time investments 
Mr. D. spent up to about five hours per package to become acquainted wi th the 
courseware. Spending as much as five hours requires confidence in the possible use 
of the courseware. 
Information channels re available courseware 
Earlier activities of Mr. D. regarding computers in curriculum included disseminating 
knowledge regarding software for arable farming and horticulture among teachers in 
crop production. These activities contributed to his present knowledge and attitude 
regarding computers. The computer and the LCD screen he used in his teaching are 
the result of these activities too. Through his contacts wi th agricultural practice, his 
specialist journals and his contacts wi th colleagues, he remains informed on 
agricultural computing applications and on courseware that might be useful. During 
the last t w o years, subject-oriented courses for inservice teacher-training were rare. 
And the contacts between colleagues suffered from an increasing competition 
between schools. This impeded Mr. D.'s intercollegial contacts. 
5.3.5 Interview E, pig husbandry 
The main purpose of computer use 
Mr. E. presented as the purpose of using computers: teaching students how to collect 
relevant information, to analyze that information, to judge the results and to reach an 
independent and considered conclusion. Numerical characteristics perform a central 
function in this analysis and judgement. 
Type of computer use and first use 
In the course on farm management in the fourth year of senior-secondary agricultural 
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education Mr. E. confronted students wi th a series of assignments that all are directed 
towards the purpose, formulated above. Students started wi th collecting, analyzing 
and judging the figures from the school farm. To judge numerical characteristics they 
needed to compare these characteristics wi th averages. Finding these averages and 
deciding on these averages was a next assignment. It was then possible to analyze 
the available data and try to find possible problems, factors that can be improved. 
After these assignments students worked with the courseware Leran-M for about two 
or three single lessons. This gave them the opportunity to analyze different farms. 
Also, the students occasionally needed to work wi th agricultural software, mainly to 
process the collected data and generate characteristics. The selection of the 
agricultural software depended to a large extent on the background of the students. 
A t the end of the course, students would work wi th a commercially available farm 
management system. 
Mr. E. offered students in the apprenticeship system on the fourth year level a 
comparable program. This program is even more tuned to the specific type of farm 
these students come from, by selecting specific agricultural software. Leran-M also 
was used in a few double lessons. 
Student characteristics 
Mr. E. used computers in three different groups. A group of 14 students in the fourth 
year, a group of seven in the apprenticeship system at the fourth-year level and also, 
he used computers in the thirdyear program. Each of these three groups needed a 
specific approach. The group at the third-year level needed to recognize actual 
practice. Without this recognition these students will not be able to fulfil the 
assignments, for example because they do not recognize important sources of 
information. For the group at the fourth-year level it was important to work on 
situations they think important. Mr. E. indicated that motivation is crucial. The group 
from the apprenticeship system often had a larger experience with and commitment to 
agricultural practice. Therefore, working with programs that are used in practice and 
that yield beneficial results is important to this group. 
Facilities 
There were t w o computer rooms available, a well-equipped computer room wi th 14 
networked computers for the apprenticeship system and, at another location, a 
computer room wi th ten networked computers that can be used by students in the 
other programs. The scheduling of the computer rooms occasionally caused 
difficulties, but Mr. E. did not expect major difficulties when organising the use of 
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computers. Mr. E. also coordinated the school activities on the school-operated farm 
that provides opportunities for students to work with figures that originate from actual 
practice. 
Relation with curriculum 
Mr. E. had embedded computer use in the three- and four-year program on pig 
husbandry. The most important rationale for Mr. E. originated from the change that 
takes place in agricultural practice, where slowly the emphasis on production-oriented 
decision making is changed to farm-specific, and rationally considered decision 
making. This implies a change in the agricultural curriculum, where production-
oriented farm management is replaced by problem solving farm management. Farm-
management analysis on the basis of numerical characteristics is part of the latter. 
Characteristics of courseware that support use in practice 
Probably the most crucial characteristic to Mr. E. was that the courseware should be 
congruent wi th agricultural practice. In the past, according to Mr. E., some 
courseware was developed with the unreal perspective of a farmer sitting behind a 
computer and deciding on elimination of sows. In reality, a farmer decides using a 
variety of information, possibly including information obtained from farm management 
software. Another aspect is that the courseware should not necessitate the 
simultaneous use of papers (to read or fill in) and computers. Also, the courseware 
should not enter upon new content; the subject should be familiar to students. Having 
to work wi th computers is new enough for most students. For Mr. E., courseware 
should be easy to use and easy to learn. And it should fit the possible lesson 
scheduling. Mr. E. worked wi th both single and double lessons and prefered the latter. 
Courseware that is advertised in magazines for curriculum materials will not stand out 
enough. Contacts wi th colleagues, inservice training and being involved in curriculum 
development projects will have better results. 
Teacher time investments 
Mr. E. invested time to become acquainted wi th the different programs; courseware 
as well as agricultural software. Whether this investment takes five or 20 hours was 
not really important to Mr. E., as long as the investment promised beneficial results in 
the end. 
Information channels re available courseware 
Mr. E. has a background in agricultural extension that gave him an overview on 
computer applications in pig husbandry at the moment he entered agricultural 
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education, several years ago. His educational activities encompassed both senior 
secondary agricultural education as well as the apprenticeship scheme. He was also 
involved in the post-initial agricultural courses and was coordinator of the school-farm 
activities. Furthermore he was involved in the development of learning materials. 
Through these activities and his specialist journals, Mr. E. was informed on develop-
ments in agricultural computing as well as developments wi th respect to learning 
materials. 
5.4 Analysis and conclusions 
The results of the interviews, presented in section 5.3, give a description of five 
specific teaching and learning situations in which the teachers use computers or 
consider using computers. This description is analyzed with respect to the factors that 
influence use of computers in practice. The aim of this analysis is to achieve an 
extended and improved depiction of the use-influencing factors and a better under-
standing of the way these factors influence computer use. The theoretical frame of 
reference as well as the overview of factors that influence computer use as 
established in chapter 4 (Figure 4.5, p. 91) are the instruments for this analysis. 
Figure 4.5 depicts the use-influencing factors (in total 17) in 8 sets. The first set is 
that of subject taught and consists of one factor. The second set (represented by 4 
factors) is named after the second factor: needs that f i t functional and vocational 
rationales. The third set concerns factors (2) that are related to the needs that f i t 
pedagogical and catalytic rationales. Teacher involvement in courseware development 
(factor 8) exemplifies the fourth set. The fifth set refers to the perceived availability of 
courseware (2 factors). Courseware represents the sixth set. The seventh set refers 
to the factor of teacher t ime, available for developing lessons with computers. The 
school-related factors (5) are grouped in the eighth and last set. These eight sets can 
be recognized in the extended overview of factors influencing computer use (Figure 
5.1). Subsequent sections sequentially explain the different factors that are depicted 
in this overview. 
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needs that frt functional and vocational 
rat onales 
integrating information handling (18) 
I create learning environments (19) 
import agricultural practice (20) 
valid agricultural practice (21) 
sub ect taught 
schoo I 
diversity in teaching contexts (30) 
diversity in teacher t ime, available for 
developing lessons wi th computers (31 
diversity In agricultural software and 
courseware (32) 
diversity in teaching arrangements(33) 
diversity in judgements of student 
characteristics (34) 
needs that f i t pedagogical ano catalytic 
ratiorales 
higher order cognitive skills(22) 
teacher toolkit (23) 
motivating students (24) 
assignments (25) 
teacher involvement in 
courseware development 
perceiveo availability of courseware 
normal channels of professional 
development (26) 
courseware 
courseware usability (27) 
curriculum content covered by 
courseware (28) 
teacher time 
number of hours available for 
developing lessons wi th computers 
(29) 
Figure 5.1 Extended overview of factors influencing computer use (the factors are 
sequentially numbered according to their occurrence in the subsequent paragraphs) 
5.4.1 Subject taught 
The five interviews represent teachers from different subjects; three of these 
subjects are related to animal husbandry. All teachers emphasize purposes of 
computer use that are related to the use of computers in agricultural practice. This 
f inding supports the suggestion in chapter 4, that the extent in which the computer 
is used in the agricultural branches is reflected in the degree to which the computer 
is used in teaching of the branch-related subjects. 
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5.4.2 Needs that fit functional and vocational rationales 
Section 2.2.1 (p. 18) indicated that two groups of rationales, the functional and 
vocational rationales (Anderson & Collis, 1993; Hawkridge, 1990) as well as the 
pedagogical and catalytic rationales (Hawkridge, 1990), probably represent the more 
important rationales for using computers in curriculum. This was confirmed in chapter 
4 , and the t w o groups are represented in Figure 4.5 as use-influencing factors. These 
rationales also appear in the five investigated teaching situations. 
The five teaching situations show that there is no single purpose of computer use. In 
each teaching situation a coherent group of different purposes can be detected. In this 
group, purposes regarding functional computer use and handling information in a 
vocation specific context are combined: farm management analysis wi th the help of 
numerical characteristics (Interviews A, C and E); selection of plant species on the 
basis of design criteria in garden design (B); decision making in a greenhouse context 
(D). Computers are used to integrate information handling into the curriculum (factor 
18). Within interviews B, D and E, another purpose to use computers can be distin-
guished. Students need to be prepared for a future life, professional as well as non-
professional, that is saturated with (partly computer-related) information handling. 
They need to become familiar with the use of computers as a general information 
handling tool and the computer is used to create environments in which students can 
achieve this preparation and get familiar with computers as tools (factor 19). The 
purposes, mentioned here, fit within the vocational and functional rationales to use 
computers. 
Motivating students was mentioned by all teachers as an important teaching task. The 
necessity of motivating students also leads a demands for computer use that are 
related to the functional and vocational rationales: Several teachers mentioned the 
importance of using computers to import agricultural practice into the classroom 
(factor 20). This suggestion is related to the need for learning environments and the 
need to integrate vocation specific information handling in the curriculum (factors 18 
and 19). This agricultural practice needs to represented in a valid and lifelike manner 
(factor 21). 
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5.4.3 Needs that fit pedagogical and catalytic rationales 
In interview A, the use of computers is also motivated by the need to integrate higher-
order cognitive-thinking skills in the course since this is lacking in the preceding 
courses. In all interviews but B, analysis was mentioned when the purpose of 
computer use was raised, indicating that higher-order thinking skills are an important 
aspect of the purpose of computer use (factor 22). In interview D, the use of the 
computer as teacher toolkit was added: a means to give students during teaching 
individual assignments wi th the help of a set of diverse programs. In this purpose of 
computer use the computer is described as a teacher toolkit (factor 23). These 
purposes fit the pedagogical and catalytic rationales. 
One teacher (interview D) explicitly mentione the short concentration period these 
students can realize. In the five teaching situations, teachers mentioned motivation as 
an important factor (24), a factor that is related to the pedagogical and catalytic 
rationales for computer use. Several suggestions were made to appeal to the 
motivation of students (compare section 5.4.2). One of these suggestions is to use 
computers in realizing assignment-oriented instruction rather than presentation-
oriented instruction (factor 25). Other suggestions advise integrating elements of 
gaming and competition in these assignments when students are working with 
computers. 
5.4.4 Teacher involvement in courseware development 
Two teachers (interviews A and E) reported involvement in curriculum development. 
One teacher was involved in an in-service teacher training project regarding the use of 
computers in agriculture (interview D). This involvement is an important source of 
information for them with respect to available courseware. It supports their 
professional development. 
5.4.5 Perceived availability of courseware 
Chapter 4 stated that the perceived availability of courseware depends on the 
information channels wi th respect to available courseware. Important moments for the 
teachers in the interviews to start learning about computer use were during contacts 
wi th colleagues, for example during in-service training sessions, and contacts during 
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involvement in curriculum-materials development or other educational-support 
projects. Frequently, teachers indicated that subject-specific journals and magazines 
are more important for keeping up their professionalism than catalogues for learning 
materials or education-oriented periodicals. Apparently they emphasize vocation-
oriented professional development. To become informed about agricultural software 
and courseware, teachers expect the normal channels used for professional 
development to be sufficient (factor 26). 
5.4.6 Other courseware-related factors 
Easy to use, easy to leam 
Four out of five teachers indicated that the courseware needs to be easy to use and 
easy to learn in order to be used in practice, which refers to the usability of the 
courseware (factor 27). Interview B illustrated the importance of this characteristic. 
The Plantselectie courseware could not be installed properly due to the complex 
installation of crucial computer files and was not used as a result. Courseware that 
has a high degree of usability helps teachers to keep their initial time investments low 
and decreases the problems in the classroom when students try to use the 
courseware. 
Curriculum content 
When comparing the teaching situations with respect to the number of lessons in the 
course that is devoted to the use of a specific application (either a courseware 
application or an agricultural software application) there appears to be a maximum 
number of lessons that can be reserved for an application. This limited number of 
lessons varies between t w o to six. When courseware would assume use during more 
than six lessons it probably would not have been used by the teachers. This limited 
number of lessons can be related to the limited time available in the curriculum for 
computer use. It probably is also related to the limited number of issues that can be 
addressed by means of courseware, in comparison to the heavily-loaded curriculum. 
The curriculum content covered by the use of courseware is an important factor that 
influences use of computers (factor 28). This is in line with the finding in chapter 4 , 
that the flexibility of the curriculum presumably is one of the use influencing factors 
(15). 
Courseware that fits teaching strategy 
Several characteristics mentioned by the teachers are related to the appropriateness 
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of the courseware for the teaching strategy used. This teaching strategy apparently is 
not only teacher specific, but also depending on regional agriculture. Three of the five 
teachers explicitly wanted the courseware to help them import agricultural practice 
into the classroom and help the students to recognize the courseware from their 
practical experiences. These teachers also felt that the validity of the presented 
agricultural content is very important. Regional differences in agriculture then lead to 
regional differences in teaching strategy. These factors are indicated in section 5.4.2. 
Another aspect mentioned by two of the five teachers is that the courseware needs to 
be assignment-oriented. When using the courseware, students work on assignments 
that preferably come wi th the accompanying materials of the courseware. Some 
teachers indicated that students should not be confronted with new content when 
working wi th courseware. One teacher mentioned the importance of gaming or 
competition elements that help motivate students. And these assignments and gaming 
elements must not contradict the regular teaching strategies of the teacher (compare 
section 5.4.3). 
Immediate use and little time investment 
Two teachers reported immediate use as important. This implies that the courseware 
is easy to learn and to use (factor 27), and that assignments are available in the 
accompanying materials as well as suggestions on how students can work wi th the 
courseware (factor 11 in Figure 4.5). Initial time investments needed are explicitly 
mentioned by t w o of the five teachers as important courseware characteristics. The 
factors, related wi th teacher's time investment are reviewed in the subsequent 
section. 
5.4.7 Teacher time available for developing lessons with computers 
A clear example of the importance of available teacher time can be found in interview 
C, where not enough time was available for the teacher to become acquainted wi th 
the Koefok package. Two out of the five teachers in this case study indicated that 
they would invest up to 20 hours or even more when the courseware seemed 
promising. The others indicate that they did not have more than about five hours 
available. The initial time investments, indicated by teachers as acceptable, vary 
between five and 20 hours (factor 29). Apparently the way teachers prepare their 
lessons and courses vary. This implies that a courseware package, that requires more 
than five hours of initial t ime investment runs the risk of not being used. The results 
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of the questionnaire (chapter 4), other research on the use of computer in education 
(Pelgrum et al., 1993) as well as these findings all demonstrate the importance of 
these time investments. Teacher time investments in relation to computer use and the 
opinions of teachers on their time investments are scarcely researched and require 
thorough investigation. 
The initial t ime investments encompass learning how to use the courseware, develop 
instructional strategy and the necessary assignments and organise first use. Periodic 
lesson preparation and handling the courseware during teaching is not included. The 
periodic preparation of lessons in which computers are used can be estimated on the 
basis of the normal times for lesson preparation. Presumably a teacher normally uses 
about 15 to 30 minutes to prepare a lesson, incidently this can be more. When 
compared wi th normal lesson preparation a valid estimate of about 30 to 60 minutes 
at most seems appropriate. The necessary time investments for handling courseware 
during teaching are difficult to estimate and depend on the courseware and the type 
of instruction. 
The differences in available teacher time indicate that the perceived freedom of the 
teacher to invest time in creating new instructional strategies including computer use 
is important. One teacher (interview C) had little preparation time left, since he was 
forced to work wi th small numbers of students and mix both dairy and pig husbandry 
students. Two other teachers could allow themselves some more time. One teacher 
was, as a member of the management team, to a certain degree in a position to 
decide on his own time investment. And the fifth teacher apparently took the number 
of hours he thought necessary in order to achieve the expected and desired results 
without giving the hours much thought. This perceived freedom of teachers to invest 
t ime not only depends on the teachers but is also influenced by school-related factors 
such as available facilities, teaching and/or management positions and school 
organisation. The specific context of courseware use largely determines how much 
t ime a teacher actually will invest. This specific context of computer use refers to the 
school where the computer is used. 
5.4.8 School-related factors 
The interviews show striking differences between the teaching contexts in which the 
computer is used (factor 30). One of these differences pertains to the available 
teacher time (compare section 5.4.7; factor 31). Another difference refers to the 
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agricultural software and courseware used in teaching. In all teaching situations, 
teachers use, or want to use more than one computer program within a single course. 
A combination of subject-specific agricultural software and courseware is used, or 
wished for, to achieve the different purposes. Although three of the five teaching 
situations are comparable in terms of subject matter and curriculum (senior secondary 
animal husbandry education) considerable differences exist between teachers wi th 
regard to actual selection of the courseware and agricultural software. In interview A, 
the use of computers was interwoven throughout the complete course and students 
were confronted wi th four different packages. Leran-M was used in about five lesson 
hours In interview C, computer use (Leran-M and Leran-Z) was limited to about t w o 
lesson hours. In interview E, again a combination of different packages was used, and 
Leran-Z was used in about two lesson hours. Apparently there is a diversity in 
teaching contexts (factor 30) that results in a diversity in agricultural software and 
courseware that is used or wished for (factor 32). 
Interviews D and B also differed in teaching arrangement and computer use. In 
interview B the computer was used in assignments that assume students working in 
relative independence on their garden design. In interview D, short assignments were 
central in the teaching strategy. All teaching situations exhibited diverse grouping 
arrangements. Individual, small group, as well as large group instruction occured. 
Students worked wi th computers during teaching hours. In four out of the five 
teaching situations, use outside teaching hours was impossible, due to the available 
facilities. In interview B, where students used computers also outside teaching hours, 
students were using a specific application up to about 10 hours. 
These differences between teaching arrangements (factor 33) can be expected in 
agricultural education, where teachers to a large extent are free to determine their 
own teaching. In the past, agricultural schools predominantly were region-oriented 
wi th respect to curriculum content. National policies that enforce standardisation of 
agricultural curriculum in the form of examination requirements are relatively new 
(MANMF, 1986a; 1986b) and leave many opportunities for teacher preferences. The 
"not-invented-here effect" (Lockard et al., 1990) will be large and is intensified by the 
increasing competition between schools as an effect of the block-grant funding, based 
on numbers of students (section 3.3, p. 72). 
In the t w o teaching situations in junior secondary education, teachers did not trust the 
students to handle computers without supervision. For the three teaching situations in 
senior-secondary education the teachers differed in opinion on this aspect. The three 
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teachers in senior secondary education corresponded in their use of the computer in 
the fourth year of the curriculum. However, not all of these teachers used the 
computer in the third year. Apparently they had different students or a different 
judgement of the capability of third-year students. It is presumable that student 
characteristics will influence computer use. However, the judgement of these 
characteristics by the teacher and the diversity in judgements between teachers are 
also important in relation to computer use (factor 34). 
From the five interviews, differences between schools in available hardware facilities 
and the organisation of these facilities are obvious (factor 35). One school (interview 
A) had a computer room available for the agriculture-oriented subjects. Three other 
schools (interviews B, C, E) had a computer room that can be booked by all teachers 
in the school and needs to be booked in advance. This room was normally taken up by 
mathematics and computing lessons. In one school (interview D) the teachers used a 
single PC wi th LCD screen. In four teaching situations the facilities did not permit 
students to use computers outside teaching hours. Technical support also varied 
between teaching situations. These findings are in line wi th the results of the 
questionnaire, reported in chapter 4 and with the results of studies of Ten 
Brummelhuis (1995) and Janssen Reinen (1996). Teachers indicated facility-related 
problems, but each of these problems is not among the most reported problems 
(factor 13, Figure 4.5). In all teaching situations teachers mentioned several programs 
that were available but not used. Often the teachers mentioned a lack of time to look 
into the possibilities of these programs (factor 12, figure 4.5). 
One teacher (interview A) mentioned the importance of region-specific agricultural 
reality, that must not be contradicted by a computer program (courseware or 
agricultural software). Three teachers (interviews A, D and E) indicated the 
importance of representing validated, lifelike agricultural practice. Teachers are used 
to adjusting available printed materials to region specific needs and will continue to do 
so wi th courseware (factor 36). This also holds for the adjustment to learning needs 
or motivational needs of specific students. Most teachers indicated that they adjust 
their teaching to the background of the students in the present group for example by 
selecting different agricultural software or by using different assignments. 
5.5 Discussion 
This last section of chapter 5 will discuss the established factors and indicate the 
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consequences of the results of the present study for the use-increasing prescriptions 
for courseware development. 
When examining the different factors (Figures 4.5 and 5.1) it is obvious that the 
majority of factors are related to the degree in which courseware fits the teaching 
tasks or the conditions that facilitate or complicate these teaching tasks. Only a few 
factors are related to the design of the user interface of the courseware. Section 
2.4.4 (p. 52) differentiated between two approaches that deal wi th usage problems. 
The usability-engineering approach (Hix & Hartson, 1993) is based on the assumption 
that the functionality of the system will not cause major problems and that mainly the 
design and development of the user interface needs improvement. The cognitive-tool 
approach (Adler & Winograd, 1992; Blatt & Knutson, 1994) stresses the occurring 
mismatch between computer functionality and human activities. The established 
factors make plausible that most prescriptions will f i t a cognitive-tool approach rather 
than a usability-engineering approach. 
Prescriptions are phrased on the basis of the established factors. The prescriptions 
specify and add to the already presented prescriptions (1 - 14) in Table 4.6 (p. 98). 
Table 4.6 distinguishes between three groups of prescriptions: 
a) courseware should address needs (prescriptions 1 - 5 ) ; 
b) courseware should lead to lower costs of use ( 6 - 8 ) ; 
c) courseware development should match teacher learning ( 9 - 1 4 ) . 
An important aspect of several of the factors mentioned is the contextual difference 
of the concerning factor. These differences between contexts will complicate 
courseware development. Moreover, they provide a possible explanation for the 
difficulties in trying to come up wi th one model that explains success or failure of the 
implementation of computers in education (Ten Brummelhuis, 1995; Pelgrum et al., 
1993). Courseware development should somehow cope with this diversity in 
contexts. This chapter adds a fourth category to the use-increasing prescriptions: 
d) courseware development should anticipate differences in contexts of use. 
Table 5.2 presents the extended and specified list of prescriptions. Only altered or 
new prescriptions are included in this table. The table is explained in subsequent 
sections. 
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Table 5.2 Extended and specified overview of use-increasing prescriptions for 
courseware development based on the study of specific contexts of courseware use 
Courseware should address needs 
1 (4) 1 Courseware should support integrat ion of agricultural comput ing in curr iculum by 
a) providing learning environments tha t urge students to part icipate in vocat ion specif ic 
decision making 
b) integrat ing informat ion handling in the subjects 
c) import ing agricultural practice 
d) presenting a val id, relevant and specif ic agricultural practice 
3 (4) Courseware development should al low for small-paced change of curr iculum and courseware 
should cover l imited curriculum content (a f e w teaching hours per package) 
5 (4) Courseware should support learning by 
a) mot ivat ing s tudents for their learning tasks 
b) being assignment oriented 
c) aiming for higher-order thinking skills 
15 (5) Courseware should support teaching in the form of a teacher toolk i t 
Courseware should lead to lower costs of use 
6 (4) Courseware should not require more than 5 hours teacher t ime investment w i t h respect t o 
a) learning how to use a specific courseware programme 
b) developing an instructional strategy tha t incorporates the courseware 
c) organising f i rst use 
7 (4) Courseware should be applicable in a mult i tude of situations w i t h di f ferent hardware 
faci l i t ies 
16 (5) Courseware should be easy to use and easy to learn 
17 (5) Courseware should f i t teaching strategies by 
a) requiring l imited student t ime input per assignment 
b) requiring a l imited number of lesson hours 
c) covering content tha t f i ts the regular curriculum t ime f rame 
Courseware development should match teacher learning 
18 (5) Courseware development should present courseware to teachers through normal channels 
teachers use for their professional development 
Courseware development should anticipate differences in contexts of use 
19 (5) Courseware should al low for di f ferences in teaching si tuat ions regarding 
a) available t ime for changing instruct ion 
b) teacher tasks and instruct ion styles 
c) s tudent group characterist ics 
d) facil i t ies and organisation of facil i t ies 
e) regional characterist ics of agriculture 
1 The number be tween parenthesis refers to the chapter that f i rst phrases the prescr ipt ion. 
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5.5.1 Courseware should address needs 
Courseware should support integration of agricultural computing in curriculum 
The courseware should allow for integration of agricultural computing in curriculum 
since this appears to be an important purpose of the computer use (prescription 1 ( 4 ) 1 ) . 
This purpose can be described as a combination of functional computer use and 
vocation-specific information handling and decision making (factor 18). Courseware 
can support this integration by providing learning environments that invite students to 
participate in this type of decision making (factor 19). In addition the courseware 
should assist teachers in importing agricultural practice into their teaching (factor 20). 
This agricultural practice should be relevant, valid and lifelike (factor 21), so students 
can recognize presented agricultural practice as their own. It is likely that regional 
differences in agriculture, for example wi th respect to the type of farm, the farm 
management style, or to regular procedures, will result in region-specific courseware. 
Curriculum flexibility and small paced change 
To cope wi th the inflexibility of curricula, Table 4.6 indicates the importance of small-
paced changes of curriculum. The interviews point out that limited time in the 
curriculum is freed for computer use (a few teaching hours for the use of a course-
ware package), confirming that small-paced change is opportune (prescription 3 ( 4 ) ; 
compare factor 28). 
Courseware should support learning 
Another prescription that can be extended on the basis of the interviews concerns the 
support of student learning by the courseware (prescription 5 ( 4 ) ) . Teachers are looking 
for ways to motivate students (factor 24). Prescription 1 1 4 1 already contributes to 
motivating of students: Courseware should import agricultural practice. In addition, 
teachers are looking for assignments to give students practice opportunities. 
Courseware should be assignment oriented (factor 25). These assignments possibly 
include elements of gaming and competition. Also, these assignments should aim for 
student learning of higher-order cognitive skills (factor 22). 
Courseware should support teaching 
The assignments that are facilitated by the courseware, should be small in the sense 
that they allow for relatively short working periods of the students. This allows the 
courseware to be used as a teacher toolkit (prescription 15 1 6 1). Depending on the 
1 The number be tween parenthesis refers to the chapter tha t f i rst phrases the prescr ipt ion. 
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group of students, a short period means about ten minutes (junior secondary 
education) up to about 40 minutes (fitting in one lesson for a group of senior 
secondary students). 
5.5.2 Courseware should lead to lower costs of use 
Courseware should minimize teacher time investment 
Minimizing necessary teacher time investment is found to be important. The five to 20 
hours for learning how to use the courseware, developing an instructional strategy 
and organising first use, are perceived as maximum time investments and can be used 
as criteria during courseware development to judge acceptable time investments. For 
maximum use of courseware in practice, five hours of initial time investment would be 
an appropriate critérium (prescription 6 ( 4 ) 1 ) . 
Different facilities 
The limited number of PCs is pictured in Table 4.6 as important. The interviews 
indicated that next to this number of PCs the other hardware facilities and the 
organisation of their availability are of importance. The differences in this respect 
between the portrayed teaching situations are substantial (factor 35). Courseware 
should be designed for use in a multitude of situations with different hardware 
facilities (prescription 7 M l ) . This includes individual, small-group use as well as whole 
class use; within as well as outside teaching hours. 
Courseware should be easy to learn and easy to use 
Chapter 4 stressed the importance of the support of first use of the courseware in 
order to reduce insecurity of teachers regarding consequences of computer use for 
improvement of learning. The interviews added the importance of immediate and easy 
first use (factor 27). The importance of the courseware to be easy to use and easy to 
learn is obvious (prescription 16 | 5 ) ) . 
Courseware should fit teaching strategies 
The interviewed teachers stressed the importance of assignments (factor 25). These 
assignments need to f it the regular teaching strategies in the sense that they f i t the 
time available in the normal lessons (50 minutes per lesson). In interview D the 
teachers used the courseware also for short assignments (10 minutes per lesson). In 
1 The number be tween parenthesis refers to the chapter tha t f i rst phrases the prescr ipt ion. 
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addition, the curriculum content of the courseware should be limited (factor 28). This 
results in prescription 1 7 ( 5 n : The courseware should fit teaching strategies by 
a) requiring limited student time input per assignment; 
b) requiring a limited number of lesson hours; 
c) covering content that fits the regular curriculum time frame. 
5.5.3 Courseware development should match teacher learning 
Normal channels of professional development 
Chapter 4 delineated the relevance of embedded teacher learning by means of the 
courseware itself, by means of teacher involvement in courseware development and 
by means of regular professional development habits of teachers. From the interviews 
it appears that teachers emphasize vocation-oriented professional development (factor 
26). Contacts wi th colleagues that are teaching the same subject, professional 
magazines and vocation-oriented inservice training are mentioned. Courseware 
development should use these channels to inform teachers since these channels 
probably are more effective than education-oriented inservice training or periodicals 
(prescription 18 ( 5 1 ) . 
5.5.4 Courseware development should anticipate differences in contexts of use 
The teaching situations reveal large differences with respect to specific factors that 
influence computer use. Courseware development apparently must anticipate diversity 
in teaching situations (prescription 19 t 6 ) ) . Among the observed differences are: 
a) time available for developing lessons with computers (factor 31); 
b) teaching arrangements (factor 33); 
c) student characteristics and the judgement of these characteristics (factor 34); 
d) facilities, regarding both hardware and support (factor 35); 
e) regional differences in agriculture (factor 36). 
Table 4.6 suggested school-based (prescription 8 1 4 1), subject-specific (prescription 4' 4 1) 
courseware development. These prescriptions allow for courseware development that 
is specific for different teaching situations and helps coping with the observed 
diversity in teaching situations. 
1 The number be tween parenthesis refers to the chapter tha t f irst phrases the prescript ion. 
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5.5.5 Final remarks 
The depiction in Figures 4.5 and 5.1 of the various use-influencing factors and the 
listing of the different use-increasing prescriptions in Tables 4.6 and 5.2 conclude the 
two case studies that concern the use of the courseware. The figures summarize the 
understanding of the use of courseware and computers in Dutch agricultural 
education. Both tables of prescriptions reflect the opportunities for courseware 
development to address these factors and thus increase the use of courseware in 
practice. 
The subsequent two chapters will respectively investigate the process and the 
organisation of courseware development for Dutch agricultural education. These 
chapters aim for an understanding of the process and organisation of courseware 
development. On the basis of this understanding it is possible to rephrase the lists of 
prescriptions so the prescriptions can be amalgamated into a use-increasing 
courseware development for Dutch agricultural education. 
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6 DETERMINANTS OF COURSEWARE DEVELOPMENT 
6.1 Introduction 
The t w o previous chapters, 4 and 5, described two case studies in which factors that 
influence the use of courseware and of computers in Dutch agricultural education, are 
investigated. An overview of important factors was established in Figures 4.5 (p. 91) 
and 5.1 (p. 120), as well as a set of prescriptions for courseware development 
(Tables 4 .6 , p. 98, and 5.2, p. 129). These prescriptions are expected to result in 
increased use of courseware in agricultural-education practice since they address use-
influencing factors. 
The focus of the present chapter is on the process of courseware development for 
Dutch agricultural education. The objectives of this chapter are: 
a) to increase the understanding of the process of courseware development; 
b) to specify and extend on the basis of the increased understanding use-increasing 
prescriptions for courseware development. 
The central research question is: What are determinants of the process of courseware 
development for agricultural education and what is the relation between these 
determinants and use-increasing prescriptions? This question is answered by 
presenting and analyzing the results of an evaluation study regarding courseware 
development for agricultural education in the ESLO initiative (Blom, 1993b). The 
background of this ESLO initiative and the accompanying evaluation study is 
described in chapter 3. 
Section 6.2 will first review the methods and instruments used in the evaluation 
study. The results will be central in section 6.3, yielding a description of the 
courseware development process. In the analysis-and-conclusions section (6.4), this 
description will be analyzed, leading to an increased understanding of the 
determinants of the process of courseware development. The degree to which the 
prescriptions that increase use in practice (Tables 4.6 and 5.2) play a role in 
courseware development is discussed in section 6.5, resulting in possible 
improvements for courseware development for agricultural education. 
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6.2 Methods and instruments 
Section 1.3 {p. 12) indicated that the present study of the courseware-development 
process in Dutch agricultural education focuses at describing, understanding and 
explaining this process. This type of study requires qualitative evaluation methods 
(Patton, 1990). Such methods demand a clear and unambiguous descriptive 
framework. Chapter 2 provided the necessary theoretical frame of reference for this 
framework. The framework and its utilization are outlined in section 6 .2 .1 . The unit of 
analysis is the courseware-development project: the place where the actual 
courseware-development process is executed. Unit of analysis and project selection 
are described in section 6.2.2. The data sources and data-collection methods are also 
of importance; these are depicted in section 6.2.3. All data-collection methods yield 
documents that can be processed using the descriptive instrument. The processing of 
the raw data and subsequent analysis are the subject of section 6.2.4. 
6.2.1 Descriptive framework for courseware-development processes 
An instrument is required that facilitates the description of specific courseware-
development processes. Observations on a specific courseware-development process 
need to be named and classified in order to compare the observed process wi th 
possible processes. Consequently, the instrument needs to provide a descriptive 
framework that depicts possible courseware-development processes. The present 
descriptive framework is based on the theoretical frame of reference as outlined in 
section 2.3.1 (p. 32). It focuses at labelling determinants of courseware development 
and specifying each determinant to a degree that courseware development processes 
mentioned in the literature adequately can be described. In the present study, all 
observations on courseware-development processes are recorded in the form of 
documents. Consequently, the descriptive framework is primarily intended for 
document analysis (Ericsson & Simon, 1980; Scott, 1990). 
The theoretical frame of reference distinguishes the perspectives of courseware 
development, the activities that constitute the process of courseware development 
and the resulting intermediary products (Figure 6.1). The labelling of an activity by 
means of naming the nature of the activity is inadequate; other important activity-
related aspects are the sequence of the activity, the actors that carry out the activity 
and the resources used in the activity. Consequently, the framework for the 
description distinguishes six determinants of courseware development. The present 
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section elaborates on the framework and results in a descriptive framework (Appendix 
B) for courseware development processes. 
To what purpose? 
What? 
When? 
Who? 
With what resources? 
What results? 
Figure 6.1 Outline of the framework for description of courseware-development 
processes 
Perspectives 
Four perspectives have been identified: instructional development, software 
engineering, educational innovation and project management. Each perspective 
focuses the activities of the project team on what they believe to be the most 
important goals of the courseware development. The perspective of educational 
innovation is identical to the perspective of increased-use-in-practice (section 2 . 3 . 1 , p. 
33). A perspective is concealed in the different activities that are carried out in the 
project: The activities demonstrate the important goals of the project team. 
Activities 
Section 2.3.1 outlines six groups of activities: manage; supply resources; develop 
instruction and software; distribute and maintain; implement or introduce. These 
groups are specified resulting in two to 20 activities per group, depending on the 
group. Appendix B gives an overview of these activities. 
Sequence of activities 
With regard to the sequence of activities, different stages can be distinguished, 
depending on the perspective used. Within software-engineering literature Turner, 
Langerhorst, Hice, Eilers and Uijttenbroek (1987) use seven stages for system 
development. Other authors use different stage classifications (Boehm, 1988). In 
general, the stages encompass a feasibility study, a specification stage, a design 
stage, a production or programming stage, a stage where the software is prepared for 
the anticipated hardware, as well as an operation-and-maintenance stage. 
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Within instructional design, different design models distinguish between several 
stages of instructional design (Gustafson, 1991). Mostly, the following stages are 
mentioned: a stage of problem description and analysis, a stage of designing a 
solution, a stage of production of the instructional materials and a stage of introducing 
the materials. 
The literature on educational innovation uses a description of three stages of the 
innovation process: adoption, implementation and continuation. Before adoption can 
occur there needs to be an innovation to adopt. The development of this innovation 
precedes the innovation process. 
As far as the project-management perspective is concerned, the staging of the 
process mainly depends on the specific project that needs to be managed. Each 
project requires its own staging. Whenever a series of stages in project management 
is mentioned, it consists of the three stages planning, execution and evaluation. On a 
more operational level there is a specific sequence of project-management activities. 
These include planning, controlling and adjusting the project activities in order to finish 
the project within available time and resources. 
Within the descriptive framework, four stages for courseware development are 
distinguished that reflect the different stages used in the four perspectives. The 
orientation stage encompasses aspects such as the feasibility study and the problem 
description and analysis. The design and production stage involves design and 
production of instruction and software. The introduction stage includes introducing 
the instructional materials, such as courseware and the adoption and implementation 
activities that accompany an educational innovation. The last stage is the stage of 
use: the stage of operation and maintenance of the courseware and the stage where 
feedback can be acquired about the use of the courseware. 
Actors 
To describe the different actors and their role in the courseware development process, 
in total 19 typical roles have been discerned of which seven are members of the 
project team: project manager, experts on subject matter, on instructional strategy, on 
curriculum- and materials development, on teaching practice, on system analysis and 
on programming. Figure B.3 in Appendix B gives an overview of the different roles 
and their mutual relations. 
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Resources 
With regard to resources, a distinction is made between facilities, methods, 
techniques and tools. The facilities encompass both material as well as personnel 
facilities. A method consists of a prescription of a sequence of activities, checklists 
for intermediary products, prescriptions for roles to involve and distribution of roles 
among actors, and prescriptions for the use of techniques. 
Intermediary products 
Ten intermediary products are pointed out: curriculum analysis, organisational 
analysis, innovation characteristics, project description, instructional design, functional 
design, technical design, test version of the courseware, test- or evaluation reports, 
and planned in-service training. For each of these products the elements that can be 
expected, are specified (Appendix B). 
Establishing perspectives and stages: matrix 
As indicated above, a perspective is concealed in the different activities of the project 
team. To establish perspectives, the different activities need to be attributed to a 
perspective. Some activities are not unique for a specific perspective and can be 
attributed to more than one perspective. 
To improve and standardize interpretation of the collected data, a matrix is developed 
consisting of the four perspectives and the four stages (Figure 6.2). For each of the 
resulting 16 cells expected activities are indicated, as well as the roles, resources and 
intermediary products that are connected with these activities. Some activities f it in 
more than one stage, and equally some activities can be attributed to more than one 
cell. Consequently these activities can be placed in more than one cell. 
Perspective 
Stage 1 
orientat ion 
Stage 2 
design and 
product ion 
Stage 3 
in t roduct ion 
Stage 4 
use 
instruct ional design 1 1 2 3 4 
sof tware engineering 5 6 7 8 
educational 
innovat ion 
9 10 11 12 
project management 13 14 15 16 
1 Numbers of the cells are presented t o ease identi f icat ion of a specif ic cell. 
Figure 6.2 Matrix of perspectives and stages of courseware development 
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As an example, Appendix B provides the complete attribution of activities, roles, 
resources and intermediary products to cells number 1 and 13 (Tables B.22 and 
B.23). The complete version of the elaborated matrix is presented by Blom (1993b). 
Developing and utilizing the descriptive framework 
The descriptive framework was drafted by the author and subsequently discussed 
w i th colleague researchers of courseware development. In addition, the resonance 
committee, established to guide the evaluation research, was consulted. Colleague 
educational researchers and representatives of the ESLO projects were members of 
this committee. The comments were used to improve the descriptive framework. 
The resulting descriptive framework can be used for the analysis of documents that 
provide information regarding observations of the courseware-development process. 
The framework facilitates coding of the documents according to the activities, actors 
and roles, resources and intermediary products that occur. On the basis of the 
allocated codes, emphasis in the observed process on perspectives and on stages can 
be established. The framework provides the means to describe a project w i th the help 
of the labelled relevant determinants of courseware development. It does not provide 
the means to judge a description; judgement is a matter of interpreting and analyzing 
the resulting descriptions. The theoretical frame of reference (chapter 2) provides the 
background for this judgement. In the development of the descriptive framework, 
completeness is emphasized. This implies that during the use of the framework, the 
occurrence of aspects that cannot be coded since the label is absent should result in 
the generation of a label that covers the relevant aspect. 
6 .2.2 Unit of analysis and project selection 
Unit of analysis 
The central unit of analysis is a courseware-development project. Such a project 
consists of one or more persons, often from different backgrounds, working on one 
courseware product wi th an assignment of a curriculum committee and a set end 
date. Since an assignment of the curriculum committees normally involves more than 
one courseware-development project, several groups of projects can be discerned; one 
group for each curriculum committee. 
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Project selection 
First, groups of projects are selected, based on the nature of the curriculum 
committee. As outlined in section 3.3, (p. 69) curriculum committees exist for general 
subjects and for agricultural subjects. The curriculum committees for the agricultural 
subjects can be categorized in vocation-oriented committees (animal husbandry, arable 
farming and crop growth, design & maintenance of gardens and green amenities, 
floristry and food-processing technology) and curriculum committees for the 
supporting subjects (business economics and engineering). The difference between 
the two categories pertain to the place of the subject in the agricultural curricula and 
this difference is relevant to courseware development. One group is selected from 
each category. Also, the availability of active projects during the data-collection period 
is an argument for selection. During the project selection, the curriculum committee 
on engineering and its work group on computing were in the process of establishing a 
policy on courseware-development projects and no active project was available for 
investigation. In addition, since the curriculum committees on floristry and on arable 
farming and crop growth shared the work group on computing in the respective 
subjects, this work group encompassed the largest number of active projects (5) 
within a single work group. Consequently, the group of courseware development 
projects on arable farming and crop growth, together wi th the floristry projects was 
selected (20 inactive and 5 active projects), as well as the group of projects on 
business economics (6 inactive and 1 active projects). In total 32 projects were 
investigated. A general depiction of each of these projects was made. Of these 
projects, six are in an active stage and 26 in a inactive stage, such as a preparation 
stage, or waiting for distribution. Emphasis in data collection and analysis was on the 
six active projects. Since project documents were also available for the 26 inactive 
projects limited data collection and analysis is possible for these projects too. 
6.2.3 Data sources and data-collection methods 
The choice of data sources and collection methods was based on considerations 
regarding the degree in which the process can be monitored (completeness), the 
validity of the resulting data, and the practicality of the method necessary to collect 
the data. Relevant data sources are: available project documentation, relevant actors, 
and observations during the process. To enlarge completeness and validity, the use of 
more than one data source is advisable (Miles & Huberman, 1994; Patton, 1990; 
Smith & Keep, 1988). The choice of data sources resulted in the following data 
collection procedure. 
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All project documents, generated by the project or available at the beginning of the 
project are collected. The teachers of the active projects were interviewed, using a 
guided open interview method (Appendix C.1). From these interviews reports were 
wri t ten by the author. During a specified period of six months all the meetings of the 
selected active projects were observed with the help of a standard recording form 
(Appendix C.2). The form urged the observer (i.e. the author) to make notes on the 
topic discussed, the project member initiating the topic, the members present 
participating in the discussion, the actors mentioned in the discussion, the expended 
time per topic and whether the topic is indicated in the meeting as bottleneck. In 
addition, the form provided space to record unanticipated events. Each recorded 
meeting was treated as a separate document. These data-collection procedures 
resulted in various documents that represent the raw data regarding the projects: 
project documents, interview reports, and recorded meetings. These documents were 
dated according to the date of the project event, reported in the specific document. 
6.2.4 Document processing and analysis 
Document processing 
All documents (i.e. project documents, interview reports and recorded meetings) were 
identically analyzed, using the descriptive framework outlined in section 6 .2 .1 . As a 
tool, HyperCard (Apple t m) is used. All documents were coded by the author for each of 
the items wi th respect to activities, roles, resources and intermediary products 
(Appendix B) using a general notation of five codes. The codes 1, 2 and 3 
(respectively: initial attention for the item, item is partly present, item is completely 
present) all indicate that the relevant item to a certain degree is dealt wi th in the 
project. The code 9 indicates that there is reference to a future treatment of the 
relevant item. Whether the item actually is addressed remains concealed. The code + 
stands for an item that is perceived by involved actors as a bottleneck. Subsequently, 
for each of the six projects an overview was constructed that indicated the 
completeness of the activities, the resources and intermediary products. Also a list of 
bottlenecks per project was compiled. 
Establishing perspectives and stages 
On the basis of the activities, the actors, the resources and the intermediary projects, 
that are coded 1, 2 or 3, and the elaborated matrix it was possible to give each 
document one or more cell numbers from the matrix (Figure 6.2, compare Appendix 
B). Since all coded documents were dated, the series of coded documents created a 
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general overview that gives insight in degree to which a project matches the stages of 
courseware development as distinguished in the descriptive framework. In addition, 
the series of coded documents reveal the emphasis in a project on specific cells, and 
consequently on specific stages in courseware development and on specific 
perspectives of courseware development. 
Adjustment of the descriptive framework 
During the process of document analysis, some activities, resources and intermediary 
products reported in the documents, appeared without an appropriate label in the 
descriptive framework. Consequently the framework was extended wi th the relevant 
labels. This concerned in total 15 different labels (Blom, 1993b). 
Project characterisations 
On the basis of the available data in the different documents as well as the 
constructed overviews a characterisation of the project was drafted. Also conclusions 
and recommendations were formulated. 
Validation 
During the development of the descriptive framework the consulting of colleague 
researchers and of the research committee to a large degree support the assumption 
that the different labels adequately describe the process of courseware development. 
In addition, the results of the descriptions in the form of project characterisations, 
conclusions and recommendations are checked with respect to their "ecological 
validity". Since the character of this study is descriptive and qualitative, ecological 
validity needs specific attention (Bronfenbrenner, 1977; Patton, 1990). Ecological 
validity is defined as "the extent to which the environment experienced by the 
subjects has the properties it is supposed or assumed to have by the investigator" 
(Bronfenbrenner, 1977, p. 516). The project characterisations, conclusions and 
recommendations were presented to different members of the project team, including 
each of the project leaders. On the basis of a discussion wi th the members of the 
project team, project characterisations, conclusions and recommendations were 
adjusted and phrased (Blom, 1993b). The most important adjustment was that 
regarding the role of the curriculum committee with respect to the scale and ambition 
of the different projects within the domain of floristry and arable farming and crop 
growth (compare section 6.3.3 and 6.4.3). 
Another procedure to validate the conclusions was to see whether the descriptions 
and conclusions that originate from the investigation of the six investigated projects 
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are comparable to the descriptions on the basis of the project documents of the non-
active projects within both selected groups of courseware development projects. 
These descriptions have been generated by collecting the 33 available project 
documents of the 26 non-active projects of both curriculum committees and analyzing 
these document according to the analysis described above. The resulting descriptions 
and conclusions did not contradict the findings in the investigation of the six active 
projects. 
6.3 Results 
Table 6.1 provides an overview of the number of documents gathered for each of the 
six courseware development projects. 
Table 6.1 Numbers of gathered or produced documents for each of the courseware-
development projects 
Projects* Number of documents 
Fleuraam (Financial management of f lowershops) 2 4 
Bieten overzaaien (Reseeding sugar beets) 21 
Bouwplan: arbeid en saldo (Arable farming plans, labour and balance) 2 9 
Trek van wit/of (Chicory growing) 16 
Plantendictee en herkennen (Plantname spelling and plant recognition) 3 4 
Begroten (Cost est imation of f lower arrangements) 3 3 
1 The name of the projects is identical to the name of the courseware produced in the projects (Stoas, 
1995) . 
To present the results, the projects first are portrayed by means of a general 
characterisation of the six projects and a characterisation of the six courseware 
products (section 6.3.1). Subsequently, section 6.3.2 reviews the results of the 
application of the descriptive framework leading to a description of the process of 
courseware development in terms of activities, sequence of activities, actors, 
resources, intermediary products and perspectives. Finally, section 6.3.3. depicts the 
bottlenecks that occur in the projects as indicated by the members of the project 
teams. The presentation of results is confined to results that are relevant within the 
framework of this thesis. Blom (1993b) extensively reports the results of the 
evaluation study upon which the present chapter is based. 
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6.3.1 Portrait of the six projects 
General characteristics of the projects 
The six projects involved are relatively small, as are all projects within the ESLO 
initiative. A project team normally consist of three, incidently of four persons. The 
total manpower investment per project on the average is about 0,8 year. The resulting 
courseware is meant for the vocation-oriented or supporting subjects in agricultural 
education in the Netherlands. Due to the restricted subject matter area covered, the 
courseware will be used in a limited number of lessons. Two of the six projects can 
be characterised as the adjusting of existing spreadsheet programs. 
General characteristics of the courseware products 
The Fleuraam (Financial management of flowershops) product is meant to support 
students in learning to decide on management issues in a flowershop. The educational 
software calculates numerical characteristics of a flowershop. Three management 
styles are distinguished. The management style determines the calculation method of 
these characteristics (the method can be adapted). Both students and teacher can 
provide the necessary input to calculate these numerical characteristics. The impact of 
changes in input on numerical characteristics and thus on the financial situation of the 
flowershop, can be studied. The courseware contains several assignments and it is 
possible to formulate alternative assignments. 
Bieten overzaaien (Reseeding sugar beets) concerns the decision whether a sugar-
beet crop, in a situation of restricted germination and seedling growth, needs 
reseeding. This decision depends on (among others) crop observations, estimation of 
future crop development, weather conditions, expected reseeding results and price 
expectations. This courseware is meant to assist students wi th cumbersome 
calculations and encourage students to reason on reseeding decisions. The 
courseware can be used with teacher devised assignments. 
Bouwplan: arbeid en saldo (Arable farming plans: labour and balance) is a dedicated 
spreadsheet application. Files are included that give relevant information on different 
crops in spreadsheet format. This simplifies creation of overviews by students, 
regarding different crops, their labour demands, costs, possible revenues, arable land 
requirements, and the combination of crops in farming plans. The package is meant 
for students to discuss crop-selection and the planning of arable farming. Datasets for 
common crops are supplied, teachers can change these sets or create new sets. 
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For the growth of chicory different growing methods are used. Each method requires 
a different management. The courseware Trek van wit/of (Chicory growing) is meant 
to support learning of these methods and of the management of these methods by 
asking for relevant input (for example figures on surface area, growing periods, 
number of roots, labour costs, expected price) and calculating expected revenues. By 
experimenting with different possible measures regarding chicory growing, the 
revenues can be influenced. Students gain insight in the relationships between 
possible measures and between measures and revenues. 
Plantendictee en herkennen (Plant-name spelling and plant recognition) is meant for 
floristry students to learn plant recognition and to learn (scientific) plant-name 
spelling. Plant recognition has been skipped as part of this product due to problems 
wi th regard to the collecting of the required pictures. Plant-name spelling is supported 
by exercises, for example copying of plant names and filling up plant names. Teachers 
can create their own exercises. 
The composition of a f lower arrangement calls for artistic skills but also for business 
sense. Begroten (Cost estimation of flower arrangements) is meant as a tool for 
students that contains several lists of materials (living as well as dead, including the 
scientific plant names and costs per unit) and budget forms. With the help of these 
lists, students can put together different flower arrangements, calculate costs and 
practice cost sensitive flower arranging. By specifying restrictions, for example 
financial restrictions or restrictions with respect to selected materials, teachers can 
create exercises. 
6.3.2 Description of the courseware-development process 
The description follows the different determinants of courseware development in the 
following order: activities, sequence of activities, actors, resources, intermediary 
products, and perspectives. It ends wi th a portrait of the different perceived 
bottlenecks 
Activities 
The descriptive framework distinguishes six different groups of activities: 
a) manage; 
b) supply resources; 
c) develop instruction and software; 
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d) distribute and maintain; 
e) implement innovation; 
f) evaluate. 
Most common were activities related to developing instruction and software (specify 
instruction, specify technical characteristics, design, produce written materials and 
software, and formatively evaluate product). However, five of the six projects 
neglected the first four activities of the group develop Instruction and software: define 
problem, analyze instruction problem and its context, list alternative solutions, assess 
feasibility of suggested solution. This indicated little concern for the definition and 
analysis of the instructional problems that generate the demand for the courseware. In 
addition, alternatives are not investigated, nor is the feasibility assessed. There was 
no mention of explicitly putting together different parts of the courseware materials. 
Emphasis was on software production and this activity preceded the production of 
written materials. In one project [Fleuraam], written instructional materials 
development proceeded parallel to the software development. But even in the 
documents of this project putting together different components was not mentioned. 
Planning activities from the group of management activities were also clearly 
recognizable. It is peculiar that from this group checking and adjusting the planning 
were hardly mentioned. Most problems resulted in a new planning: the end date of the 
project was simply postponed. An adjustment of the existing plans in the sense that 
available resources, time, cooperation and the necessary activities are mutually 
balanced, given the problems that are faced (illness of a teacher, shortage of non-
teaching hours, etc.), could hardly be detected. Management activities that relate to 
the complete set of projects were not often detected. Information exchange between 
projects was clearly present. There was hardly any attention for the development of 
methods, techniques and tools. 
From the other groups, only few activities were detected. For some activities this is 
understandable. During the period of data collection three projects were in the stages 
of orientation and design and production. Three also entered the stage of introduction. 
This implies that activities like evaluate the use of the innovation and evaluate product 
will not be dominant in the former three projects. Moreover, some of the activities 
were organised in a way that they do not needed specific attention of members of the 
project team. This mainly concerned the groups of distribute and maintain and supply 
resources. The activities regarding distribution and maintenance were executed 
outside the project team in a separate organisation. The activities regarding the supply 
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of resources were the responsibility of the organisation that hosted the projects and 
the curriculum committees that assigned the projects. However, the absence of some 
activities could indicate bottlenecks or shortcomings. The lack of process evaluation 
for example, hampered the development of methods, techniques and tools and the 
absence of the majority of implementation activities indicates little systematic 
attention for the implementation of the developed materials. 
Although little attention was given to the group of implement innovation, one activity, 
the consulting of representatives of vocational agricultural practice, returned in three 
of the six projects: Used data were checked, an analysis approach was validated, 
permission to use materials under copyright was asked. 
Sequence of activities 
The four stages that are discerned are: orientation, design and production, 
introduction and use (compare Figure 6.2). In general, the observed sequence of 
activities was in line wi th the expected sequence: Activities, expected in the first two 
stages mainly occured in the beginning of the project, those from the last t w o stages 
were dominant in the second half of the project. However, the sequence was far from 
linear and considerable iteration was present, specifically for the activities within the 
group develop instruction and software: specify instruction, specify technical 
characteristics, design and produce. 
Actors 
An overview of the different roles that are distinguished in the descriptive framework 
is given in Figure B.3 (Appendix B). A typical project team in the six projects 
consisted of three persons: a project leader, a teacher, and a system analyst and 
programmer. An expert on curriculum and materials development was incidently 
consulted. Occasionally the roles of the system analyst and programmer were 
represented by t w o actors and then four persons were in the project team. Such 
project teams also occured in the investigated non-active projects. In these projects, 
sometimes the project team consisted of two persons, where one teacher and one 
development professional cooperated. Different roles had to be performed by one 
actor. Especially the teacher was heavily loaded and in all projects the teacher fulfils 
the roles of subject-matter expert, expert on instructional strategy as well as expert 
on teaching practice. Moreover, the teacher often was the representative of the 
curriculum committee and consequently was put in a central but difficult position in 
the project. 
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Section 2.4.5 (p. 55) reported several functions of user involvement: users as subject 
of analysis in the orientation stage, users contributing their expertise in the production 
of courseware, users participating in formative and summative evaluation, users as 
courseware producers wi th the help of authoring tools, and users being involved in the 
complete courseware development process as co-designers. In the courseware-
development projects that were studied, the teachers contributed their expertise and 
acted as co-designers. 
Resources 
The discerned resources are listed in Tables B.7 to B.10 (Appendix B). The availability 
as well as the allocation of non-teaching hours proved to be a bottleneck. Several 
projects were confronted wi th a stop in the availability of non-teaching hours. In some 
projects the non-teaching hours were allocated to teachers wi th no specific 
background or interest in computers. Due to the allocation of non-teaching hours, the 
teacher had to be replaced in one project which resulted in a delay of about six 
months. Since teachers had a central position in the development of courseware, non-
teaching hours are a crucial resource for the courseware development. 
Material facilities, the availability of project-management expertise or the expertise on 
system analysis and programming were not frequently mentioned. This lack of 
mentioning can be interpreted as the absence of bottlenecks with respect to these 
facilities. Apparently these facilities are sufficiently taken care of. 
There is a general description of a courseware-development method available, that 
distinguishes between separate stages, prescribes intermediary products and suggests 
the involvement of different actors (Appendix D). This method is accompanied by 
models for a project description and for a functional design. Although this 
courseware-development method was mentioned in the different projects, it was 
hardly applied. Different stages were not separated, intermediary products were not 
reviewed or evaluated, and the involvement of actors was not checked. Each project 
more or less followed its own day to day track. This also applies to the use of 
techniques. A standardised method and set of techniques was not developed. Some 
tools were available, specially for the design and production of the software and for 
the design of instruction (the programming language Pascal and a Pascal library of 
mainly user-interface procedures, and word processing facilities). 
Intermediary products 
According to the descriptive framework, the stage of orientation might result in a 
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curriculum analysis, an analysis of the organisational context, an innovation 
characterisation and a project description. These intermediary products were mostly 
absent or incomplete. In one project (F/euraam) the curriculum analysis was relatively 
complete. This analysis however probably was the consequence of the simultaneous 
development of a syllabus. Syllabus and courseware were meant to be used together 
but can be used separately. 
The stage of design and production might yield an instructional design, functional 
design and technical design as well as the test version of the courseware. All the 
observed projects generated functional designs that are more-or-less complete. 
Written materials were neglected in this stage. Two projects resulted in instructional 
designs, the other four focused on functional design. None of the projects resulted in 
a complete technical design. The test version of the courseware was limited to 
software. Written materials were not yet complete or absent. 
In the last t w o stages, introduction and use, the courseware tests, evaluation results 
and in-service training can be expected. During the data collection period three of the 
six projects reached this stage. Evaluation results are available for t w o of these 
projects: F/euraam and Bouwplan: arbeid en saldo. F/euraam was tested in the lessons 
of the teacher that also was involved in the development project and in lessons at a 
college for teacher training. Bouwplan: arbeid en saldo was tested by a teacher (not 
involved in courseware development) in senior-secondary agricultural education. This 
teacher needed ten hours to master the courseware and design assignments for his 
lessons. Evaluation reports were not standard among project documents. Information 
on the context of the executed evaluations was lacking which hampered the 
translation of these results into specification of improvements. The evaluations mainly 
had the character of summative tests that check whether the test version of the 
software is prone to serious errors. 
Of the six projects t w o inservice-training sessions could be observed. One of them 
was found to be complete, the other was restricted to an explication of the subject 
matter involved and of the operating of the software. Drafts of written materials for 
the t w o concerned courseware packages, such as the documentation regarding the 
use of the educational software, possible student assignments, were finished short 
before the in-service training takes place. No attention was given to the use of the 
courseware in practice. 
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Perspectives 
As indicated in section 6 .2 .1 , each of observed activities performed by specific 
actors, the observed intermediary products as well as the observed use of specific 
facilities can be traced back to a stage in courseware development and also to a 
perspective of courseware development. The observed activities, actors, intermediary 
products and facilities thus represent an emphasis in courseware development that is 
portrayed in Figure 6.3 
Perspective 
Stage 1 
orientat ion 
Stage 2 
design and 
product ion 
Stage 3 
introduct ion 
Stage 4 
use 
instruct ional design 1 1 ^ ^ ^ ^ ^ ^ ^ ^ 4 
sof tware engineering 5 WÊÊÈÊÊIÈÊÊÈËÈÊ 8 
educational 
innovat ion 
9 1 0 H 1 2 
project management 1 3 1 4 1 5 1 6 
1 Numbers of the cells are presented to ease identif ication of a specif ic cel l . 
Figure 6.3 Matrix of perspectives and stages of courseware development; the shaded 
cells represent the observed emphasis on courseware-development perspectives and 
stages 
6.3.3 Perceived bottlenecks 
Probably one of the most frequently-mentioned bottlenecks is that of the shortage of 
non-teaching hours and the seemingly random distribution of non-teaching hours 
among teachers. This resulted in problems regarding available expertise and teacher 
commitment. 
For most projects, the project teams needed approximately six months to achieve a 
satisfying communication between the teacher and the other members of the team. 
Much misunderstanding could be contributed to the difference in background between 
these t w o parties (the teacher and the courseware development experts: the project 
leader and the system analyst/ programmer). Both parties perceived the beginning of 
the project as a (difficult) learning process. Teachers learned to change their attitudes. 
Initially they emphasized the production of courseware according to the plans they 
have in mind ("we know what we want, let's make courseware"). Later they grew 
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committed to building solutions to the instructional problems, wi th the many 
opportunities offered by computers. The courseware development-experts learned to 
understand the instructional situation and the related improvements that teachers had 
in mind when embarking on the project. 
Most programmers mentioned the iterative nature of the discussion on specifications 
as a problem. Often, programmers presented a software prototype (screen designs) 
and found out that, as a result, the assessed specifications were put under 
discussion. The tools used for programming did not allow easy changes. The 
programmers perceived this discussion as delaying and adding to their workload. 
Three of the six teachers mentioned the little contacts among colleagues and the little 
contacts between teachers and representatives of vocational practice as bottlenecks. 
They felt insecure wi th respect to regional differences in agricultural practice, wi th 
repect to differences in instructional strategy and with respect to their expertise on 
subject-matter content. They would like to check and discuss their views with 
colleagues and experts. 
Several documents reveal the disappointment of project teams in the role of the 
curriculum committees. The curriculum committees formulated an ambitious purpose 
(integrating the use of computers in agricultural education). Project teams shared this 
ambition. The curriculum committees translated this purpose into specific project 
assignments. These assignments comprehended the production of courseware as 
exemplary and experimental curriculum materials. The curriculum committee on 
business economics left the execution of the assignment completely to the project 
team and was not available for further discussion or verification of plans of the project 
team. The committee on arable farming and crop growth was, according to the 
project team members, too strict in the assignment and blocks the discussion among 
teachers and between teachers and representatives of the vocational world. Also, this 
committee changed its priorities during the courseware-development projects. Due to 
a lower priority several projects are delayed and an in-service teacher training course 
on one of the courseware products is postponed. Both curriculum committees failed 
to put the different small-scaled projects into a long-term perspective. 
Several teachers in three of the project teams expressed their apprehension with 
respect to the limited facilities at schools, such as hardware and technical support. In 
one project, Fleuraam, the instructional strategy as well as the central objectives 
proved to be debatable, and were not accepted by a considerable group of teachers. 
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6.4 Analysis and conclusions 
To answer the research question formulated in the outset of this chapter and to create 
an understanding of the investigated process of courseware development, this section 
reports four types of analysis. 
The first is an analysis of perspectives. A perspective or a combination of several 
perspectives guides the courseware development process. The descriptive framework 
distinguishes between four perspectives: instructional design, software engineering, 
educational innovation and project management. The second analysis refers to the 
stages of courseware development. The degree of iteration and a possible emphasis 
on specific stages will increase the insight in the process of courseware development. 
Section 2.2.3 (p. 28) outlined five dimensions of curriculum innovation approaches 
that can be used to characterise courseware development approaches. The third 
analysis regards these five dimensions and yields an understanding of the courseware 
development process as curriculum innovation. Section 2.3.1 (p. 35) presented a 
model of courseware development that integrates both the product development and 
design aspects of courseware development. Product development aspects already are 
dealt w i th in the analysis of stages of courseware development. The fourth analysis 
therefore will focus on courseware development as a design process. 
6.4.1 Perspectives in courseware development 
The four relevant perspectives are: instructional design, software engineering, 
educational innovation and project management. In the observed projects, the central 
focus is on instructional design and on software engineering and not on project 
management or educational innovation (Figure 6.3). 
As far as instructional design is concerned, an emphasis is established on the 
activities that deal wi th specification, design and production of the courseware. This 
can be explained by project teams that confine their instructional-design activities to 
those parts of instruction in which the courseware is to function. The project teams 
use a narrow interpretation of instructional design. Probably the team is (at least 
partly) forced to use this narrow definition due to the product-oriented assignment of 
the curriculum committee (compare the bottleneck on the curriculum committee, 
section 6.3.3). The teacher and the courseware specialists are immersed in a process 
of clarifying this part of instruction to an extent that makes courseware development 
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possible. Problem definition and assessment of feasibility are deemed necessary in as 
far as these activities serve this clarification process. The narrow interpretation of 
instructional design also explains the finding that activities from the orientation stage 
in all projects keep returning in the discussion at a later stage (iteration). These 
activities return because in an early stage they yield a clarification of instruction that 
is satisfactory on that moment, but in a later stage instruction apparently needs 
additional specification. The activities that concern the consulting of representatives 
of vocational practice mainly are meant to validate the agriculture related content that 
is integrated in the courseware as part of the instruction. 
Software engineering is also interpreted in a specific manner. The learning process, 
reported by the teachers, as well as the six months' period that is needed by teachers 
and system analists/ programmers to get used to each other, indicate that in the 
beginning of the projects most system analists/ programmers perceive courseware 
development as software programming, following the guidance of the teachers. 
Increasingly the role of the system analist/ programmer becomes important and he or 
she formulates functional designs and screen designs that are used as prototypes. The 
teacher and the system analist/ programmer increasingly work together on the design 
and development of the courseware and thus fulfil the production-oriented assignment 
of the curriculum committee. Both actors increasingly become courseware 
development specialists. 
Attention to educational innovation is limited to in-service training and informing 
teachers about the courseware. There is little or no attention for activities such as 
formulating innovation characteristics and an innovation plan, involving or consulting 
potential users and advise and support users. There is, according to the assignment, 
no need for these activities, since the assignment is oriented to the production of 
courseware. 
Project management activities are observed, wi th emphasis on planning and wi th a 
neglect of checking and adjusting plans. Apparently the project teams interprete 
project management as starting the project, and restarting it when problems or 
bottlenecks in the context of the project impede progress. 
6.4.2 Stages in courseware development 
The four discerned stages are: orientation, design and production, introduction and 
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use (Figure 6.3). The stage of orientation evidently is not reflected in the activities of 
the projects, wi th the exception of project-management activities. The stage of 
introduction is present within the perspectives of software engineering and 
instructional design, in the form of formative evaluation. It is absent in the 
perspectives of educational innovation and project management. The stage of use is 
absent in all perspectives. Partly this can be attributed to the restricted data collection 
during the final stages of the different projects. However, since the documents from 
the non-active projects provide limited evidence that the stage of use is represented is 
the non-active projects, it is likely that the stage of use is neglected. These findings 
are coherent wi th the production-oriented assignment and the narrow interpretation of 
instructional design. Emphasis is on courseware product development and thus on the 
stages of design and production and introduction. 
6.4.3 Courseware development as curriculum innovation 
Section 2.2.3 presents a model of courseware development as an instance of 
educational innovation and as an instance of curriculum development, consisting of 
the following five dimensions: 
a) focus of development: Is the development generic or focused on specific 
situations? 
b) expertise: What expertise is mainly used in courseware development? 
c) reality of use: Is the product used as developed, adapted or developed by the 
users themselves? 
d) process versus product: Is the development-oriented towards the courseware 
product or towards the innovation process? 
e) scale and ambition: What is the balance between scale and ambition in 
courseware development? 
These five dimensions will be elaborated for the six investigated courseware 
development projects. 
Focus of development 
The courseware development is generic. The projects aim for courseware that is to be 
used by all teachers of the relevant subjects in agricultural education in the 
Netherlands. The courseware is developed in a courseware-development centre as 
exemplary and experimental curriculum materials, as a result of assignments of central 
curriculum committees. It is a top down approach. Since the materials are exemplary 
and experimental, teachers cannot be forced to adopt the courseware. 
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Reality of use 
The courseware development aims for courseware that can be adapted by teachers. 
For example in Fleuraam, the procedure to calculate numeric characteristics of the 
f lower shop can be modified, and teachers can use the courseware to present cases, 
that embody specific problems in relation to flower shop management. Plantendictee 
en herkennen allows for modification of the plant names that are incorporated, and 
the type of spelling exercise students have to carry out. Trek van wit/of and Bieten 
overzaaien can be classified as decision-support systems that focus on reasoning 
about the decision on how to grow chicory and on whether the sugar beets need 
reseeding. Both courseware packages allow for many entry situations, such as cases 
that have been designed by teachers and practical experience of students on farms. 
The packages Bouwplan: arbeid en saldo and Begroten allow for many entry situations 
too: teacher designed cases as well as student experiences. 
Expertise 
The expertise, that is valued most in the project teams is a combination of subject 
matter expertise, expertise on teaching practice, instructional design expertise and 
software development expertise. This expertise has to be delivered by the three team 
members: project leader, teacher and system analyst/ programmer. Other areas of 
expertise, such as project management, educational innovation, or curriculum 
development are less explicitly present. 
Process or product 
Emphasis is on the courseware product and not on supporting curriculum-innovation 
processes in practice. Teachers appear eager to start producing courseware. The 
assignment focuses the courseware development on the delivery of exemplary 
courseware and not on aspects like integration of computer use in curriculum. 
Scale and ambition 
Manpower investments in the projects are limited, as well as the curriculum content 
that is covered. In this sense the projects have a small scale. The ambitions of the 
curriculum committees however, are large: integrate computer use into the curriculum 
and improve teaching and learning by means of courseware development. This 
ambition is shared by the project teams. However, the curriculum committees fail to 
maintain a policy that puts the different small-scaled projects into a long-term, 
ambitious perspective. This dispirits the project teams. 
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6.4.4 Courseware development as design 
Figure 2.4 (p. 35) presents a model of courseware development. When focusing on 
the design quality of courseware development the following aspects are important 
(Banathy, 1987). At the onset of the design process are the purpose of the design 
project and the organising perspectives. The design process itself consists of iterative 
analysis, synthesis and evaluation. During the design process three sources of 
information are consulted: the context of the future product, testing experiences, and 
the body of organised knowledge. The continuous evolving product is the result of 
this process. Describing the courseware development according to this model results 
in the following conclusions. 
Purpose and organising perspectives 
The purpose of the ESLO initiative is equivocal: integrating information technology in 
curriculum as well as improvement of teaching and learning by means of new 
information technology. This purpose is translated by curriculum committees in 
assignments for the projects. The assignments do not solve the ambiguity, and the 
curriculum committees are not available to guide the project teams in handling the 
ambiguity. With respect to organising perspectives, an emphasis is established on a 
narrow interpretation of instructional design, combined with software engineering 
(section 6.4.1). 
Iterative process 
Section 6.3 indicates that iteration is present in the projects. Early documents indicate 
an emphasis on intermediary products like functional designs and screen designs. 
System analysts/ programmers indicate iteration as bottleneck in these documents. 
Later documents show the use of screen designs as representation of the evolving 
model of the product; a throw-away prototyping technique that allows for iteration. 
Section 6.4.1 explains this iteration mainly from the need to additionally specify 
elements of instruction in which the courseware needs to function. This additional 
specification occurs in a discussion between the teacher and the courseware-
development specialists within the project team. The need to test an instructional 
design wi th different teachers is not found as a drive for this iteration. 
Context 
The context of the future product is relatively little consulted. In practice, the only 
input in this respect are the original assignment of the curriculum committee and the 
knowledge, experiences of the teacher and his incidental contacts wi th colleagues. 
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Testing experiences 
Testing is limited to an evaluation of the test version of the educational software. No 
experiences are created to test prototypes or intermediary products. 
Organised relevant knowledge 
The described results wi th respect to resources used indicate that there is little 
deployment of the organised relevant knowledge, in the form of methods, techniques 
or tools, in handbooks or other media. A method and a standard project plan are 
available, but not often used during the process of courseware development. The 
main source of knowledge is the expertise of the members of the project team, and 
this is on the domains of subject-matter expertise, expertise on teaching practice, 
instructional-design expertise and software-development expertise. 
Model of the product 
Central in the image of the model of the future product is the courseware. Since there 
is little attention for the written materials, this courseware is mainly perceived as 
educational software. The educational software aspect is more important than aspects 
like accompanying documentation or written assignments. There appears to be little 
attention for the courseware during the stage of use. The product is perceived as the 
end of the courseware-development process. 
6.5 Discussion 
The previous section analysed the investigated process of courseware development. 
This yielded an understanding of this process as conveyed in sections 6.4.1 to 6.4.4. 
The present chapter discusses the relation between the process of courseware 
development and the prescriptions as outlined in the chapters 4 and 5 (Tables 4.6, p. 
98 and 5.2, p. 129). These prescriptions are based on the investigation of the use of 
courseware and computers and should be rephrased on the basis of the generated 
understanding of the courseware-development process, into final prescriptions for use-
increasing courseware development for Dutch agricultural education. 
Four categories of prescriptions are mentioned in Tables 4.6 and 5.2: 
a) courseware should address needs; 
b) courseware should lead to lower costs of use; 
c) courseware development should match teacher learning; 
d) courseware development should anticipate differences in contexts of use. 
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The subsequent four sections (6.5.1 to 6.5.4) discuss these four categories of 
prescriptions. This leads to combined prescriptions for use-increasing courseware 
development. Table 6.2 presents an overview of these combined prescriptions. This 
table is explained in the sections 6.5.1 to 6.5.4. The final section of this chapter 
(6.5.5) integrates these prescriptions into a courseware-development approach for 
Dutch agricultural education using the five dimensions that characterise a courseware-
development approach. 
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Table 6.2 Combined prescriptions for use-increasing courseware development 
Courseware should address needs 
1 (4 ,5 ) 1 Courseware should support integration of agricultural comput ing in curr iculum by 
a) providing learning environments tha t urge students on informat ion r ich decision 
making 
b) integrat ing informat ion handling in the subjects 
c) import ing agricultural practice 
1 (6) d) presenting a val id , relevant and specif ic agricultural practice 
Courseware development should use procedures to validate the imported agricultural pract ice 
2 (4) in interact ion w i t h vocational-agricultural practice 
3 (4,5) Courseware should indicate where relevant issues should be integrated in exist ing content 
Courseware development should al low for small-paced change of curr iculum and courseware 
4 (4) should cover l imited curr iculum content (a f e w teaching hours per package) 
5 (4) Courseware development should be subject specific 
Courseware should support teaching and learning by indicating w h a t learning results are 
5 (5) achieved w h e n students use courseware 
Courseware should support learning by 
a) mot ivat ing students fo r their learning tasks 
b) being assignment-oriented 
15 (5) c) aiming for higher-order th inking skills 
Courseware should support teaching in the form of a teacher toolk i t 
Courseware should lead to lower costs of use 
6 (4) Courseware should minimize t ime investment regarding 
a) learning h o w to use a specif ic courseware programme 
b) developing an instruct ional strategy tha t incorporates the courseware 
c) organising f i rst use 
d) preparing specif ic lessons 
e) handling the courseware during teaching 
6 (5) Courseware should not require more than 5 hours teacher t ime investment w i t h respect t o 
the f i rs t three i tems in prescription 6(4) 
6 (6) Courseware development should include teacher t ime- investment constraints as qual i ty 
16 (5) criteria 
2 0 (6) Courseware should be easy to use and easy to learn 
Courseware should preferably be developed for generic so f tware , already employed by 
7 (4) teachers, such as spreadsheet, wordprocessor and datamanagement applicat ions 
7 (5) Courseware al lows for use in classroom sett ings where l imited numbers of PCs are available 
8 (4) Courseware should be applicable in a mult i tude of si tuat ions w i t h di f ferent hardware faci l i t ies 
17 (5) Courseware development should be school specific 
Courseware should f i t teaching strategies by 
a) requiring l imited student t ime input per assignment 
b) requiring a l imited number of lesson hours 
c) cover ing content tha t f i ts the regular curr iculum t ime f rame 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescr ipt ion. 
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Table 6.2 Continued 
Courseware development should match teacher learning 
9 (4) 1 Courseware should support inexperienced users w h e n learning h o w to use the courseware 
10 (4) Courseware should provide a specif ication of f i rst use that wi l l lead to guaranteed success 
a) the accompanying materials should incorporate a specif icat ion of student exercises 
and learning act ivi t ies, and the learning results that fo l low f rom these exercises and 
activi t ies 
b) the courseware should clarify the relation between the use o f the computer and these 
exercises, learning activi t ies and learning results 
11 (4) Courseware should of fer the experienced users possibilities to tai lor the courseware to 
their specif ic needs 
12 (4) Courseware development should involve (preferably teams of) teachers as subjects of 
analysis, as expertise Contibutors, as producers and designers of courseware, and in 
format ive and summative evaluation 
13 (4) Courseware development should present courseware to teachers through normal channels 
teachers use for their professional development 
14 (4) Courseware should be embedded in regular curr iculum materials 
18 (5) Courseware development should present courseware to teachers through normal channels 
teachers use for their professional development 
21 (6) Courseware development should be evolut ionary: resulting in a series of small and 
coherent courseware packages 
22 (6) Courseware development should challenge teachers by announcing future changes and 
ul t imate ambit ions _ 
Courseware development should anticipate differences in contexts of use 
19 (5) Courseware should al low for differences in teaching situations regarding 
a) available t ime for changing instruction 
b) teacher tasks and instruct ion styles 
c) s tudent group characterist ics 
d) faci l i t ies and organisation of facilit ies 
e) regional characterist ics of agriculture 
2 3 (6) Courseware development should incorporate di f ferent techniques tha t aim for feedback on 
aspects of design f rom the context of use such as environmental analysis, format ive and 
summat ive evaluation 
2 4 (6) Courseware development should employ environmental analysis w i t h respect t o 
a) the di f ferences, ment ioned in prescriptions 
b) l i fespan of instructional content and materials 
c) required and available expertise 
d) previous experience w i t h similar products 
e) in-service training 
f) p roduct support of management 
g) mot ivat ions to use the courseware 
h) benef i ts and disadvantages in the specific contex t of use 
1 The number in parenthesis indicates the chapter that phrases the specif ic prescr ipt ion. 
162 CHAPTER 6 
6.5.1 Courseware should address needs 
The prescriptions on this issue to a large degree already are followed. In five of the six 
projects, information handling by students in practice-related contexts is supported by 
the developed courseware. The only exception is Plantendictee en herkenning. 
Emphasis in this courseware is on training of plant-name spelling and plant 
recognition. In these five projects, importing agricultural practice also is at issue. 
Specifically the spreadsheet-based courseware packages Begroten and Bouwplan: 
arbeid en saldo contribute to this import since these packages encompass files wi th 
data on relevant specific topics (e.g. specific crops and prices on specific materials for 
f lower arrangements). Several activities are reported that are related wi th the 
validation of this imported practice (sections 6.3.2 and 6.4.1). According to the 
involved teachers, these consultations are not enough and should be extended. 
Interaction between courseware development and vocational-agricultural practice on 
subject-matter validation and on the reality of assignments should be increased. An 
additional prescription refers to these validation activities: Courseware development 
should use procedures to validate the imported agricultural practice in interaction with 
vocational-agricultural practice (prescription 1 ( 8 ) 1 ). 
With the exception of the Fleuraam project, the projects pay little attention to the 
writ ten materials that are part of the courseware. Only Fleuraam is given a distinct 
place in business economics for the floristry curriculum. Prescription 2 | 4 ) should 
receive more emphasis in courseware development. 
The projects are small scaled. The courseware is adaptable and when teachers invest 
t ime to adapt the courseware to suit their needs it can be used in a limited number of 
lessons. In addition the courseware is subject specific. So the courseware-
development process complies wi th prescriptions 3 ( 4 ) and 4 ( 4 1 . 
There is limited attention for written materials in courseware development. It is likely 
that prescription 5 I 4 ) is inadequately integrated in courseware development. Section 
6.3.1 points out that the courseware is assignment-oriented and related to the 
support of students in relative complex decision making. Whether the courseware is 
sufficiently motivating students, is difficult to assess on the basis of the collected 
data. However, limited attention for the writ ten courseware materials wil l restrain the 
motivating qualities of the courseware (prescription 5 , B 1). 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescript ion. 
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There is no mention of the development of teacher toolkits. Such a teacher-toolkit 
concept would require the development of written student assignments. Though the 
courseware is assignment oriented, written materials are hardly delivered in the 
courseware. Prescription 15 1 5 ) 1 should receive more attention. 
6.5.2 Courseware should lead to lower costs of use 
In the different projects, there are no explicit references made to teacher time 
investments as an important constraint (prescriptions 6 ( 4 ) and 6 ( S I ) . In order to 
minimize time investments of teachers, courseware, products should be (prescription 
16 ( 5 ) ) easy to learn, easy to install, easy to use, and should not request major renewal 
of course content or teaching approaches (Van den Akker et al., 1992). Chapter 5 
concludes that five hours to renew a one year course of about two hours each week 
is a fair estimate of an allowable initial time investment. About half an hour or less per 
two-hour lesson for regular lesson preparation is assumed normal. These time 
constraints should be included as quality criteria for courseware products (prescription 
6 ( 6 1 ) . Literature yields four suggestions that can help courseware developers to meet 
these time constraints. 
Developing courseware, to be used with generic software already employed by 
teachers, for example spreadsheet, word processor and database applications (Berkey 
& Sutphin, 1985), is one suggestion (prescription 20 l 6 ) ) . Two of the six projects 
studied (Bouwplan: arbeid en saldo and Begroten) concerned spreadsheet applications. 
During the testing of Bouwplan: arbeid en saldo the teacher needed ten hours to learn 
how to use the courseware and devise assignments for four lesson hours. This time 
investment, that does not contain installation of the courseware, is still relatively high. 
Most investigated courseware projects produce adaptable courseware. However, this 
type of adaptability has been included with the idea that teachers want to adapt the 
courseware to suit the specific content they teach. This adaptability is in line wi th 
prescription 1 1 ( 4 ) . This prescription simultaneous addresses the issue of minimizing 
t ime investments. When teachers are able to adapt the courseware they do not need 
to f ind other more time-consuming solutions for the problem of the courseware being 
incompatible wi th the content they teach. This type of adaptable courseware allows 
for use on different levels: beginners and experienced (Collis & De Diana, 1990; De 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescript ion. 
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Diana & De Vries, 1990). Use of such courseware on the beginner's level can be 
relatively simple and little time consuming. 
The third suggestion refers to the teacher materials (prescription 10 1 4 1 1 ) . A teacher 
guide that prescribes first use in practice minimizes initial time investment (Van den 
Akker et al., 1992; Keursten, 1994). The investigated projects pay little attention to 
accompanying materials and produce guidebooks that hardly guide teacher's first use. 
Van den Akker et al. (1992), next to well organised and prescribed first use, also 
mention the scale of the application, which should be limited. The scale of the 
courseware refers to the content covered as well as to the extensiveness of the user 
interface. This leads to the fourth suggestion: When the content, covered by the 
courseware and the user interface both are restricted, initial time investment can be 
small. The investigated projects yield courseware that covers limited subject-matter 
content (prescription 3 ( 4 > ). 
Figure 4.5 (p. 91) indicates the limited number of PCs, available in many of the 
contexts as an important contextual aspect. In three of the six projects teachers 
express their apprehension in relation to this aspect. Apparently, although they realize 
the importance of this aspect, they have not been able to create a design that 
sufficiently takes into account the limited number of PCs as an important constraint. 
In this sense, prescription 7 l 4 ) is a debated issue in the investigated process of 
courseware development but without adequate results. In the different projects 
analysis of the context of use is limited to the analysis that is necessary to specify 
instruction in as far the instruction is related to the courseware. This does not cover 
hardware facilities. Moreover, development is generic. Prescriptions 7 ( B ) , 8 ( 4 ) and 17 ( S 1 
are difficult to integrate in this type of courseware development and require a shift of 
approach where more emphasis is on the first stage of courseware development and 
on situation-specific courseware development. 
6.5.3 Courseware development should match teacher learning 
Chapter 4 suggests several ways in which courseware development might support 
teacher learning. The courseware itself can support teacher learning (prescription 9 1 4 1). 
Courseware should specify first use (10 ( 4 ) ) . Courseware can be tailored to specific 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescr ipt ion. 
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needs (11 ( 4 ) 1 ) . Teacher can be involved in courseware development (12 ( 4 ) ) . 
Courseware should be presented through normal channels for professional 
development (13 ( 4 ) ) . And courseware development should be integrated in normal 
routines of curriculum-materials development (14 , 4 ) ) . 
Already mentioned in the previous section is the need for the courseware to be easy 
to learn (prescription 16 ( S l) that connects to prescription 9 ( 4 ) . The support of first use 
(10 ( 4 ) ) also has been mentioned as important quality of courseware in the need for 
minimizing teacher time investments (prescription 6 , 4 ) ) . Little attention is paid in the 
investigated courseware-development process to the support of teacher learning wi th 
respect to operating the courseware and with respect to using the courseware in the 
curriculum. And although several agricultural-computing issues are present in the 
courseware, the accompanying materials hardly incorporate any information on 
computing in the agricultural curriculum (Blom, 1993c). Embedded teacher learning 
can be increased by incorporating help functions, teacher tutorials or teacher exercises 
in the educational software. Another possible medium are the accompanying 
materials. Aspects that might be highlighted are: operation of the educational 
software, first use, possible alternative assignments, agricultural computing in 
agricultural curriculum, relevant agricultural software. 
Teacher involvement during design in the investigated projects is limited to a single 
teacher, participating in the project team. The teachers involved in courseware 
development report a substantive learning process with regard to the use of 
computers in curriculum. To expand teacher involvement, it is possible to pay more 
attention to context analysis and to both formative and summative evaluation. Also it 
is possible to increase the numbers of teachers involved in the different stages of 
courseware development. Chapter 5 indicated that teacher involvement needs to be 
rewarded and non-teaching hours might provide this reward. Another approach could 
be to join inservice training and courseware development (compare Greenbaum & 
Kyng, 1991), for example in an inservice program that is directed at elucidating 
teachers needs wi th respect to importing agricultural practice and the possible 
contributions of courseware to solve these needs (prescription 12 ( 4 ) ) . 
Courseware development is organised separate from the development of other 
curriculum materials, resulting in separate brochures, mailings and other activities to 
inform teachers. In only one of the projects there is a clear relation to the 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescr ipt ion. 
166 CHAPTER 6 
development of writ ten materials, which does not result however in an integrated 
package of curriculum materials. The succeeding recommendation therefore is to 
integrate the organisation for courseware development and the organisation for 
development of other curriculum materials (14 ( 4 ) 1 ) . This integration also facilitates 
execution of prescription 18 ( B 1 : Courseware development should present courseware 
to teachers through normal channels teachers use for their professional development. 
Small applications that cover limited curriculum content are suggested to answer the 
needs of teachers wi th respect to curriculum (3 ( 4 )) and to minimize teacher time 
investment (6 ( 4 ) ) . Small-scaled applications also better suit the limited flexibility of the 
curriculum. However, the present chapter illustrates the tensions between small-
paced change and ambition (section 6.4.3): The projects have a small scale, and since 
ambitions are high, a long-term policy needs to put the different projects in a long-
term ambitious perspective. The literature on educational innovation (section 2.2.3) 
mentions the difficulty of assessing the balance between innovativeness and 
manageability of the innovation. This balancing problem has also been recognized in 
software engineering (Brown & Duguid, 1992). The concept of evolutionary software 
development (Boehm, 1988; Gilb, 1988) allows for ambitious innovations that still are 
manageable: Start wi th relatively small and simple applications, that are easy to learn, 
easy to use and easy to install. These applications are based on direct felt needs of 
users so users are motivated to use these applications. Also, future changes and the 
ultimate goal of the innovation can simultaneously be announced, challenging users to 
continue adopting new small and simple applications. This concept can also be applied 
to courseware development and results in the following prescriptions: Courseware 
development should be evolutionary, resulting in a series of small and coherent 
courseware packages (21 ( 6 ) ) . Courseware development should challenge teachers by 
announcing future changes and ultimate ambitions (22 ( 6 ) ) . The product of this 
evolutionary courseware development is not one stable courseware package, but a 
growing series of packages. 
6.5.4 Courseware development should anticipate differences in contexts of use 
Section 6.4.4 concludes that the context of the future product scarcely has been 
analyzed. Chapters 4 and 5 show the importance of this context and suggest school-
based, subject-specific courseware development (prescription 19 l 5 ) ) . Another approach 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescr ipt ion. 
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to increase the influence of contextual factors on courseware design is that of 
evaluation. There is little evidence that formative evaluation plays a significant role in 
the different courseware-development projects. Regular formative evaluation should 
become part of the courseware development (Flagg, 1990; Keursten, 1994; Moonen, 
1996). The adopted strategy of using screen designs as paper prototypes might be 
elaborated to a general prototyping approach involving formative evaluation. The 
conclusions indicate that summative evaluation is neglected too. Summative 
evaluation, as well as formative evaluation should be incorporated in the courseware-
development process on a large scale and lead to an increased influence of contextual 
factors on design (prescription 23 ' 6 1 1 ) . 
Tessmer (1990) and Tessmer and Harris (1990) suggest environmental analysis and 
Farquhar and Surrey (1994) propose adoption analysis as techniques to analyze 
contexts. These authors include aspects such as facilities and equipment; lifespan of 
instructional content and materials; product delivery, dissemination, maintenance and 
administration; necessary and existing expertise; previous experience wi th similar 
products; inservice training; degree of management support of the product ; reasons 
and motivation to use the product; benefits and disadvantages of the product in that 
specific context. These aspects are comparable with the factors that influence use 
(Figures 2.3, p. 24; 4.5, p. 91 and 5 . 1 , p. 120). On the basis of the importance of 
teacher's time investments, this factor should be included. This leads to the 
prescription (24 , 6 )) to incorporate environmental analysis in courseware development 
and to pay attention to the following aspects: 
a) the differences in teaching situations (compare prescription 19); 
b) lifespan of instructional content and materials; 
c) required and availabel expertise; 
d) previous experience wi th similar products; 
e) in-service training; 
f) the degree of management support of the product; 
g) rationales to use the courseware; 
h) benefits and disadvantages in the specific context of use. 
6.5.5 Suggestions for an alternative approach 
The above list of prescriptions (Table 6.2) clearly is no panacea that automatically will 
1 The number in parenthesis indicates the chapter that phrases the specif ic prescr ipt ion. 
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lead to increased use in practice. Some of these prescriptions have been practised in 
the studied courseware-development projects (for example the development of 
spreadsheet applications in Begroten). In addition, some prescriptions are 
contradictory to others. For example the prescriptions that concern accompanying 
materials will result in extension of these materials and an increase of the time 
teachers need to become familiar wi th the courseware. These typically are the 
problems wi th prescriptions as observed in section 2.3.2 (p. 39) and 2.4.2 (p. 49). 
Selection and interpretation of prescriptions might be facilitated when these are 
guided by a courseware-development approach. 
With the help of the five dimensions of courseware development that characterise the 
courseware development approach it is now possible to outline an alternative 
approach of courseware development for Dutch agricultural education that emphasizes 
the use of courseware in practice. 
Focus of development 
The need for an enlarged contextual influence on courseware design leads to 
courseware products that are context specific. This implies a shift from generic 
development to situation-specific development. 
Reality of use 
Chapter 5 showed that usability problems that surround courseware mainly originate 
from task-inconsistency problems. This chapter also makes plausible that the large 
differences in contexts have to do with differences in teaching tasks. It is 
questionable, whether adaptable courseware sufficiently allows for adaptation to 
serve all possible users. Teacher-developed courseware will better answer the needs 
of a specific teacher. Another argument in favour of teacher-developed courseware is 
that through involvement of teachers, embedded learning is encouraged. 
Expertise 
The expertise used during the courseware development accentuates instructional 
design and software development. The attention for the perspectives of educational 
innovation and project management should grow. The role of expertise on use in 
practice, on needs and bottlenecks as perceived by teachers wi th regard to their work, 
as well as on the management of projects that are directly related to practice, will 
become more important. 
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Process or product 
The development of courseware now is directed towards the production of a distinct 
courseware package. It is separated from other curriculum-development processes. 
Use in practice is not supported. It is concluded that more emphasis should be placed 
on stages of orientation, introduction and use. Also courseware development should 
be integrated in the development of other curriculum materials. These conclusions 
incorporate increased attention for a process approach. Courseware development 
should be integrated in curriculum-development and innovation processes that are 
taking place in agricultural education and that affect the work of teachers. 
Scale and ambition 
The present approach favours the covering of small elements of subject-matter 
content. This approach is advisable and applies to the functionality and user interface 
of the courseware as well: Keep applications small and simple. Evolutionary 
courseware development can be used as a method to realize large ambitions in a 
small-paced change process. 
6.5.6 Final remarks 
Section 6.4 answered the question regarding determinants in the process of 
courseware development: Courseware development perspectives arre traced, the 
important stages are established, courseware development is interpreted as a process 
of curriculum innovation, and courseware development is analyzed as a design 
process. In addition, the prescriptions from the previous chapters 4 and 5 are 
combined into an overview of combined prescriptions for use-increasing courseware 
development. 
However, the background of these answers is only partially explained since the unit of 
analysis is restricted to the courseware-development projects. The subsequent study 
of the organisation of courseware development provides additional information and 
explains some of the findings, presented in this chapter. 
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7 ORGANISATION OF COURSEWARE DEVELOPMENT 
7.1 Introduction 
The previous chapter presented a description of the process of courseware 
development for Dutch agricultural education and an analysis of this process in 
relation to the use of courseware in practice. It ended with prescriptions for 
courseware development that probably increase use in practice (Table 6.2, p. 160). 
Without an understanding of the organisation of courseware development the 
explanations for the described process of courseware development are incomplete. As 
a consequence the resulting prescriptions might prove worthless since the 
organisation does not allow adoption of these prescriptions. The central research 
question in this chapter is: What are organisational determinants of courseware 
development for agricultural education and what prescriptions regarding the 
organisation of courseware development will Increase use in practice? 
A general overview of the introduction of computers in agricultural education and of 
courseware development for Dutch agricultural education is outlined in chapter 3. 
Section 7.2 presents the methods and instruments, used to describe and analyze the 
organisation. Section 7.3 depicts the results. Section 7.4 analyses these results and 
draws conclusions. Finally, section 7.5 discusses the possibilities for improvement of 
the organisation for courseware development in relation to the suggested prescriptions 
for use-increasing courseware development. The research on which this chapter is 
based is reported by Blom (1993b). 
7.2 Methods and instruments 
As in chapter 6, the present study of the courseware development process focuses at 
describing, understanding and explaining this process; a type of study that requires 
qualitative-evaluation methods (Patton, 1990). The emphasis in the present study is 
on the organisation of courseware development and not on the courseware-
development projects. The organisation of courseware development is understood as 
the entirety of actors and organisations, that execute courseware development-
related activities. Consequently, an important subquestion is: 
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1) What are the actors and organisations that execute activities related to 
courseware development and how are these activities distributed among the 
actors and organisations? 
Probably the most important organisational activity related to courseware 
development is the provision of resources. These resources encompass the funding of 
personnel and of material facilities as well as the methods, techniques and tools that 
guide the courseware-development process. The methods, techniques and tools can 
be recovered in the prescriptions for courseware development. Two other important 
subquestions are: 
2) What facilities are provided? 
3) What prescriptions are proposed for the process of courseware development 
and how are these prescriptions used? 
The study aims at facilitating the incorporation of use-increasing prescriptions and at 
formulating prescriptions for the organisation of courseware development. 
Consequently, the third question is specifically relevant in the present study. 
Large parts of the descriptive framework that depicts possible courseware 
development processes (section 6 . 2 . 1 , p. 136) are suited to describe relevant aspects 
of the organisation and thus answer the three subquestions. There is a large degree of 
similarity between the methods and instruments used in the study of the courseware 
development processes and the present study of the organisation of courseware 
development. The descriptive framework will be described in section 7 .2 .1 . The unit 
of analysis is described in section 7.2.2. Data sources and data collection methods 
are also of importance; these are depicted in section 7.2.3. All data collection 
methods yield documents that can be processed using the descriptive framework. The 
processing of the raw data and subsequent analysis are the subject of section 7.2.4. 
7.2.1 Descriptive framework for the organisation of courseware development 
The descriptive framework used in chapter 6 to describe and analyze the process of 
courseware development focuses on perspectives, activities, sequence of activities, 
actors, resources, and intermediary products (section 6.2.1 and Appendix B). As 
posed in section 6 . 2 . 1 , this descriptive framework is suitable for document analysis. 
Relevant documents should provide information regarding the labels that are made 
explicit in the descriptive framework. This framework facilitates coding of the 
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documents according to the occurring activities, actors and roles, resources and 
intermediary products. The coding includes establishing the occurrence of a relevant 
courseware-development aspect and also the occurrence of an aspect-related 
bottleneck. On the basis of the attributed codes, emphasis on perspectives and on 
stages can be established. The framework provides the means to describe courseware 
development wi th the help of the labelled relevant aspects. It does not provide the 
means to judge a description; judgement is a matter of interpreting and analyzing the 
resulting descriptions. The theoretical frame of reference (chapter 2) provides the 
background for this judgement. 
Specifically the determinants of activities, actors and resources are of importance to 
the present study, since these are the subject of the three formulated subquestions 
(the facilities in subquestion 2 are among the resources). Subquestion 3 refers to 
prescriptions. Prescriptions can pertain to activities, the sequence of activities, to 
roles to perform as wel as to resources to use. To characterise prescriptions, all 
determinants in the descriptive framework are relevant. 
7.2.2 Unit of analysis 
The unit of analysis is the entirety of actors and organisations that execute 
courseware development related activities in Dutch agricultural education. It is 
confined to the ESLO initiative: the initiative for the development of courseware for 
agricultural education (compare chapter 3) that is subsidised by the Ministry of 
Agriculture, Nature Management and Fisheries [MANMF]. The description and analysis 
is restricted to the persons and organisations that fall within the policy domain of the 
MANMF. Emphasis is on courseware development for vocation- oriented subjects. 
7.2.3 Data sources and collection methods 
The unit of analysis is too large to be entirely observed. The selection of data sources 
is therefore important since these data need to yield a valid answer of the three 
subquestions. An important difference is that between describing the organisation of 
courseware development and describing its functioning. 
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Describing the organisation 
The first subquestion refers to the actors and activities in the organisation of 
courseware development. To describe the organisation and answer this subquestion, 
documents of the MANMF and of the Centre for Information Technology Support of 
Agricultural Education [CILO] can be analyzed and relevant key persons can be 
interviewed. Among the interviewed key persons were representatives from the 
MANMF, representatives of the agricultural branch organisations on computing, the 
manager of the ESLO initiative, members of the work groups on computing in the 
subject as well as teachers. 
The second subquestion refers to the facilities that are supplied. The data sources 
mentioned above (interviews wi th key persons, MANMF documents, CILO documents) 
also yield insight in the supplied resources. 
The third subquestion refers to the prescriptions that are proposed for the courseware 
development in the ESLO initiative. The proposed prescriptions can be found in the 
relevant CILO documents. 
Describing the functioning of the organisation 
To describe the functioning of the organisation, this functioning needs to be observed. 
It is impossible to follow the complete organisation, therefore parts of this 
organisation were selected. 
Two of the work groups on computing were selected since such groups act as 
intermediate between curriculum committee and project teams and therefore have a 
central role in the organisation. As outlined in section 3.3 (p. 69), curriculum 
committees existed for general subjects and for agricultural subjects. The committees 
for the agricultural subjects can be categorized in vocation-oriented committees 
(animal husbandry, arable farming and crop growth, design & maintenance of gardens 
and green amenities, floristry and food-processing technology) and curriculum 
committees for the supporting subjects {business economics and engineering). The 
curriculum committee on floristry was separated from the committee on arable 
farming and crop growth but both committees still shared the work group on 
computing. In the study on the process of courseware development (chapter 6), the 
projects of the curriculum committees on floristry, on arable farming and crop growth 
and on business economics were selected. To increase the parallel between this and 
the present study, the t w o responsible work groups were selected: the work group on 
computing of both curriculum committees on floristry and on arable farming and crop 
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growth, as well as the work group on computing in business economics. The latter 
work group did not organise formal meetings because its composition is identical to 
the composition of the project team as studied in chapter 6. 
In addition, the specification group was selected. This group was central in the ESLO 
initiative: All projects were represented in this group and in addition, the manager of 
the ESLO initiative, the coordinator of the group that is responsible for the production 
of the educational software and the educational expert were members of this group. 
This group offered the best opportunity to record the day to day activities of the 
courseware-development organisation. 
Next to the observations of the two groups in the organisation, the interviews wi th 
the key persons also yielded comments on the functioning of the organisation of 
courseware development. 
Data-collection methods 
The period in which these data were collected lasted 17 months (December 1989 -
May 1991). In this period, relevant policy documents of the CILO and the MANMF 
were collected. Specifically relevant were the job description documents of the CILO 
personnel, since these documents revealed the distribution of activities among CILO 
personnel. Also relevant were the CILO documents that described the courseware-
development prescriptions: the CILO stappenplan [stages of courseware development] 
and the raamwerk projectplan [project plan template] (Appendix D). In addition, 
during the data collection period the guided open interviews were executed. Guidance 
exists of questions that were formulated before the interview and send to the 
interviewed key person (Appendix E). The interviews were recorded by means of 
writ ten minutes. 
Moreover, the 17-month period was used to observe the two selected parts of the 
organisation (the work group on computing and the specification group) by means of 
attending the meetings of these groups. The meetings were recorded by means of a 
standard recording form (Appendix C.2). The form urged the observer (the author) to 
make notes on the topic discussed, the member of the meeting that was initiating the 
topic, the actors present, the actors participating in the discussion, the actors 
mentioned in the discussion, the expended time per topic and whether the topic was 
indicated in the meeting as bottleneck. In addition, the form provided space to record 
unanticipated events. Each recorded meeting is treated as a separate document. 
Especially the indicated bottlenecks were important since these bottlenecks often 
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revealed the differences between actual functioning and formal organisation. The 
documents that were produced by these groups are collected too. Table 7.1 presents 
an overview of the relevant data collection methods and analysis results. 
Table 7.1 Overview of data-collection methods and analysis results for the study of 
the organisation of courseware development 
Data source Results in 
Structured open interv iews w i t h key persons 
Policy documents of M A N M F and CILO 
Descript ions of jobs in the CILO organisation 
tha t are related to the ESLO init iat ive 
CILO documents regarding prescript ions for 
courseware development 
Meet ings of speci f icat ion group and of work 
group on comput ing in arable fa rming, crop 
g r o w t h and f lor istry 
Description of MANMF pol icy, of CILO pol icy and of 
general processes of courseware development and 
development of curriculum materials; descript ion of 
supplied resources 
Matr ix of job description and possible courseware 
development activit ies 
Matr ix of actual prescribed activi t ies and possible 
courseware development act iv i t ies; matr ix of actual 
prescribed intermediary products and possible 
intermediary courseware development products 
Lists of bot t lenecks, act iv i t ies, actors, resources and 
intermediary products as referred t o in the meetings 
7.2.4 Data processing and analysis 
The policy documents of the CILO and the MANMF and the interviews with key 
persons in the organisation for courseware development were used to construct a 
description of relevant policies, of actors and their role, and of supplied resources. The 
descriptive framework (sections 7.2.1 and 6 .2 .1 , Appendix B) was used as a checklist 
to provide a complete description. Sometimes the interviews with the key persons 
included relevant comments on the functioning of the organisation. These comments 
were marked in the interview reports. 
Specifically relevant were the job descriptions of the CILO personnel. These have been 
compared wi th the list of activities in the descriptive framework (Appendix B). The 
resulting matrix of job descriptions and activities gave an overview of completeness of 
courseware development activities in the job descriptions. Also relevant were the 
documents on the prescriptions for courseware development. The prescribed activities 
have been listed and compared with the descriptive framework. Also, the list of the 
prescribed intermediary products was compared wi th the descriptive framework. 
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The data, collected when following the specification group and the work group 
computing in arable farming, crop growth and floristry were in the shape of 
documents such as recorded meetings and agendas of meetings. These documents 
have been coded and analyzed similar to the procedure described in section 6.2.4 (p. 
142). This resulted in overviews of bottlenecks, activities, actors, resources and 
intermediary products and a matrix of perspectives and stages (Figure 6.2, p. 139). 
Validation 
The validation procedure emphasized ecological validity. The findings were depicted in 
descriptions of the organisation for courseware development, shortcomings in this 
organisation and possible remedies. These have been discussed with the project 
manager of the ESLO initiative, the coordinators of the specification group and the 
work group on computing in arable farming, crop growth and floristry and wi th the 
representative of the MANMF. This resulted in minor changes in the interpretation of 
the results and suggested remedies (compare Blom, 1993b). 
7.3 Results 
In total 26 key persons were interviewed (eight teachers, the curriculum subject 
inspector on computing of the MANMF, five representatives of branch organisations, 
three project leaders, the project manager ESLO, one teacher of Stoas who was 
responsible for in-service teacher training on computers in curriculum, two 
representatives of institutions for support of agricultural education, the coordinator 
secification group, the coordinator development group, the educational expert of the 
ESLO initiative, t w o system analysts/ programmers). On the MANMF policies, eight 
documents were collected and studied (MANMF, 1988a, 1989b, 1989c, 1990, 
1991a, 1991b, 1991c, 1992). For the CILO in total 19 general documents were 
gathered (Bus, 1988, 1989a, 1989b; CILO, 1987a, 1987b, 1987c, 1987d, 1988a, 
1988b, 1988c, 1988d, 1988e, 1988f, 1989a, 1989b, 1990, 1 9 9 1 ; Ruwhoff, 1989; 
Ruwhoff, Brands & Bus, 1991). On the specification group in total 80 documents 
were collected or generated. For the work group computing in arable farming, crop 
growth and floristry this number amounted to 17. 
Section 7.3.1 first presents the formal organisation of courseware development. The 
supplied resources are depicted next (section 7.3.2). Facilities are emphasized here 
since the other resources (i.e. methods, techniques and tools) are reviewed in the 
subsequent section on available prescriptions (section 7.3.3). Finally, section 7.3.4 
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provides an overview of observed bottlenecks. 
7.3.1 Organisation 
The descriptive framework, as described in section 7 .2 .1 , mentions 19 different roles 
{Appendix B). These roles are depicted in Table 7.2. 
Table 7.2 List of different roles, as distinguished in the descriptive framework of 
courseware-development processes 
1) government 8) project leader 1 15) school 
2) organisation(s) for 9) subject mat ter expert 16) organisation for design of 
curr iculum development 10) expert on instructional instruct ion and 
3) organisation(s) for strategy product ion of wr i t ten 
materials development 11) expert on curr iculum and materials 
4) wor ld of agricultural materials development 17) organisation for 
professions 12) expert on teaching product ion of so f tware 
5) commissioning actor practice 18) organisation for 
6) organisation for in-service 13) system analyst distr ibution 
training 14) programmer 19) users, teachers and 
7) project management students 
1 Roles 8 to 14 build the project team. 
The present section reviews these roles. The actors in agricultural education that 
perform these roles are mentioned. A depiction of these actors in an organisation 
chart can be deduced from this review and is presented in a figure (7.1) at the end of 
this section. 
Government 
The role of the government was performed by the MANMF. Important activities of the 
MANMF that influence courseware development were the issuing of policies and 
(through these policies) the supplying necessary resources. An overview of the 
policies of the MANMF regarding computers in agricultural curriculum has been given 
in section 3.3 (p. 67). The supplied resources encompassed the funding of C/LO 
(including the personnel for the ESLO initiative), and the funding of non-teaching hours 
for curriculum development. 
Organisation of curriculum and curriculum materials development 
The two roles of curriculum development and curriculum materials development were 
combined in one organisation centred around curriculum committees. Existing subject-
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oriented curriculum committees guided the development of curriculum and curriculum 
materials. Nine curriculum committees are active for agricultural education. The 
curriculum subject inspector of the MANMF was chair of the curriculum committee; 
the institute for educational support of agricultural education provided the secretary; 
members were teachers of junior and senior secondary schools, the agricultural 
colleges and of the innovation and practical training centres. The agricultural 
community and business also were represented. The actual development was 
executed in work groups of mainly teachers, supported by the National Institute for 
Educational Measurement [CITO], the Organisation for Professional Development in 
Agricultural Education and Training [Stoas], and the institutions for educational 
support of agricultural education. The courseware development was coordinated by 
the work groups on computing of the different curriculum committees. 
This description of the organisation is based on data from the period of December 
1989 - May 1991 . This organisation was not stable. Chapter 3 reported the 
introduction of the structure of qualifications (Figure 3.2, p. 68). This introduction 
implied a reorganisation of curriculum development. In the first two years of this 
introduction, the curriculum development activities that were part of this introduction 
have been accommodated in a separate organisation. As of 1992 this separate 
organisation gradually replaced the existing organisation of curriculum development 
and curriculum-materials development. A central institute became responsible for 
attainment targets, qualifications and certificates. And a new centre coordinated the 
development of educational materials that comply with these certificates. 
World of agricultural professions 
Two important approaches for agricultural community and business to influence the 
process of courseware development were, by means of curriculum committees and by 
means of resonance committees. Intentionally, agricultural community and business 
should be represented in the curriculum committees. However, in reality only few 
curriculum committees counted representatives among their members. The vocational 
world was also represented in resonance committees by means of representatives of 
the branch organisations on agricultural computing. These resonance committees 
were to guide courseware development, mainly with respect to integration of 
agricultural computing in education. The work groups on computing in the subject as 
well as the project teams for courseware development were to consult these 
resonance committees. 
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Commissioning actor 
The interviews with the key persons revealed that before the start of the ESLO 
initiative, individual teachers developed courseware. Sometimes a curriculum 
committee commissioned an assignment. Curriculum committees incidently adopted 
the initiative of the teacher and turned it into a curriculum-development project. The 
relation between a teacher who was developing courseware and the relevant 
curriculum committee was not inherently: Occasionally there was no relation at all. 
With the start of the ESLO initiative (in 1987), curriculum committees were in the 
position to commission the assignments for the courseware-development projects and 
distributed the available non-teaching hours among the different work groups, 
including the groups on computing. These committees also determined the plans and 
priorities of these work groups on computing. 
The reorganisation of curriculum development (started with the implementation of the 
structure of qualifications in 1990, Figure 3.2) enabled other actors, such as the new 
centre of development of materials and AOCs to commission assignments. This 
influenced the courseware-development projects in the ESLO initiative. 
Organisation for inservice training 
The curriculum committees also played an important role in inservice training. These 
actors determined the content of the training program that were officially offered for 
the teachers in junior- and senior-secondary agricultural education. With respect to the 
introduction of computers, inservice training encompassed courses on how to work 
wi th computers as well as courses on the use of new courseware. Stoas organised 
the training. The training itself was provided by Stoas or by other organisations as for 
example the innovation and practical training centres. 
Project management 
The ESLO initiative was accommodated by the CILO organisation. The initiative was 
managed by a project manager. Daily management of the courseware-development 
projects was executed by the project leaders of the different projects. These project 
leaders also participated (often as chairperson) in the work groups on computing of 
the curriculum committees and were members of the specification group. 
Project team (roles 8 to 14) 
Courseware development was executed in project teams. These teams consisted of 
the project leader (role 8), a teacher (role 12), a system analyst/ programmer, or a 
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system analyst and a programmer (roles 13 & 14). The educational expert acted as 
consultant (role 11). The roles of subject matter expert (9) and expert on instructional 
strategy (10) were not explicitly mentioned. Important activities of the project leader 
were managing the project, and develop instruction and software. The teacher mainly 
was active as instructional designer and brought in expertise on instructional practice, 
instructional design and subject matter. The system analyst/ programmer specified 
software functionality, and designed and produced the software. 
School 
Schools were not directly represented in the organisation for curriculum development 
and curriculum-materials development. Schools could pursue influence through the 
participation of teachers. 
Organisation for design of instruction and production of written materials 
The specification group was created as the organisation for specification and design 
of the educational software. This role was not restricted to ESLO courseware 
development; other projects were also discussed. The coordinator specification 
chaired this group. Project leaders, project manager ESLO, coordinator development 
and the educational expert were members of this group. The courseware development 
project teams were represented by the project leaders. The project teams were 
responsible for the production of the written materials. This organisation differed from 
the normal organisation for design of instruction and production of written materials. 
Normally this role has been performed by the work groups of the curriculum 
committees. 
Organisation for production of educational software 
Within the CILO, system analysts as well as programmers were organised in the 
development group. A combination of the two functions of system analysis and 
programming also occured. Production of educational software, and not of the 
complete courseware package, occured in this group. System analysts and 
programmers connected this group with the courseware-development project teams. 
Organisation for distribution 
The courseware that is produces was part of the exemplary curriculum materials that 
have been provided by the MANMF to the schools at a low price. The development 
group was responsible for the distribution of the courseware. Normally, writ ten 
exemplary curriculum materials were distributed by the MANMF. As a consequence 
of, among others, the introduction of the structure of qualifications, presently (1997) 
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Stoas distributes all exemplary curriculum materials. 
Ministry o f Agriculture, Nature Management and Fisheries (MANMF), Dept. of Agricultural Education 
agricultural 
communi ty 
and business 
inspectors 
curriculum 
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Figure 7.1 Overview of organisations influencing courseware development in the 
ESLO initiative 
7.3.2 Facilities 
Personnel facilities 
For the ESLO initiative, the funding of CILO personnel and non-teaching hours were 
the most important personnel resources. In 1987 the MANMF supplied 3.0 full-time 
equivalents (fte) for CILO personnel, involved in the ESLO initiative. In 1988, 6.1 f te 
and from 1989 until the end of the ESLO initiative 7.0 fte per year have been 
available. The first year of the ESLO initiative has been a period of initiating the 
organisation as well as the courseware development. Not all promised funding was 
immediately made available, and available funding could not immediately be spent, 
since personnel needs to be hired. Available personnel resources for the unit on 
computing in education of the CILO during the last two years of the ESLO initiative 
amounted to about 9 fte per year. This indicates that the ESLO initiative was the 
major, but not the only operation of this unit. In the schoolyear 1988/1989 47 non-
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teaching hours were supplied. In 1989/1990 this number was reduced to 32, due to 
the investments needed by the implementation of the structure of qualifications. 
In the composition of the project teams the following areas of expertise were 
anticipated: subject-matter expertise, expertise on teaching practice, expertise on 
instructional strategies and curriculum and materials development, project-
management expertise and software-development expertise. 
Other facilities 
The CILO, funded by the MANMF, supplied accommodation, office materials, travel 
allowances, and professional-development facilities. 
7.3.3 Prescriptions 
This section summarises the prescriptions that could be observed in the formal 
documents of the CILO organisation. Relevant documents are: job descriptions, 
documents on methods of courseware development and the template project plan. 
Appendix D summarizes the CILO method of courseware development. 
Activities 
The descriptive frameork distinguishes six different groups of activities: 
a) manage; 
b) supply resources; 
c) develop instruction and software; 
d) distribute and maintain; 
e) implement innovation; 
f) evaluate. 
With regard to prescribed activities, emphasis was on the group develop instruction 
and software. Both job descriptions as well as the documents on the CILO method 
refered to the activities in this group. The only activity in this group that was not 
mentioned is the merging of the different components. Manage was hardly mentioned 
in the documents on the CILO method of courseware development. However, in the 
job descriptions this activity clearly could be observed. Supply resources has been an 
activity that was shared by the MANMF, the curriculum committees and the CILO 
organisation (financing and supplying accommodation, coordination of materials 
development). With respect to supplying methods, techniques and tools, as well as 
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professional development of personnel, these activities were part of the job 
descriptions of the coordinator of the specification group and the coordinator of the 
development group. 
There were no prescriptions regarding distribute and maintain and hardly any regarding 
implement innovation. With respect to implementation, reference was limited to 
evaluation and inservice training. Evaluate has been mentioned incidently and in 
general terms. Evaluation occured in the job descriptions with the focus on evaluation 
of the process of courseware development (project evaluation leading to improved 
prescriptions for courseware development). In the CILO method, evaluation was 
mentioned as a yearly evaluation of use of the courseware, which can be interpreted 
as a kind of summative product evaluation. 
Intermediary products 
Many of the different product-related items that were mentioned in the descriptive 
framework, could be observed in the documents that together constituted the CILO 
method of courseware development (Appendix D). Problem definition and courseware 
as possible solution have been prescribed as parts of the analysis of the present 
curriculum. Other aspects of curriculum analysis were mentioned fragmentary. 
Aspects of organisational context and the innovation characteristics were hardly 
mentioned. Prescriptions with respect to the project description were almost complete 
and aspects of the functional design were frequently mentioned. Aspects of technical 
and instructional design were only incidentally indicated. The test version of the 
courseware was mentioned. Inservice training as well as evaluation were only referred 
to in a general remark. 
Methods, techniques and tools 
The CILO prescribed a general method for courseware development (Appendix D). 
Activities, actors, and products were identified. Also, checklists were available for the 
project description and for printed materials that accompany the educational software. 
Checklists for other intermediary products were not provided. Within the development 
group, attention was given to systematic development of educational software. 
Structured analysis and structured design methods (DeMarco, 1978; Yourdon & 
Constantine, 1978) were studied. With respect to techniques, techniques for software 
development were clearly present. Screen designs, data dictionaries, dataflow 
diagrams were mentioned. A standard user interface was developed wi th the 
Windows Application Style Guide (Microsoft Corporation, 1988) as guideline, resulting 
in an ESLO Style Guide (Bus, 1989b). Limited reference was made to techniques for 
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the design of instruction in the prescriptions for printed materials (Ruwhof, Brands & 
Bus, 1991). Management activities were not supported with techniques. Tools were 
used in the development group (Turbo-Pascal, Meta Window, and a developed library 
of user-interface routines ESLOOK). Word processing, database and graphical 
applications were used as generic tools. 
Perspectives 
From the prescribed activities and intermediary products in job descriptions and the 
documents that describe the CILO method, it is possible to induce the perspectives 
that are dominant in the prescriptions (compare section 6 .2 .1 , p. 139). Instructional 
design and software development are represented as well as project management. 
Also, the stages, that are most elaborated in the prescribed activities, can be 
discerned. This results in Figure 7.2 (compare Figures 6.2, p. 139 and 6.3, p. 151). 
Stage 1 Stage 2 Stage 3 Stage 4 
Perspective or ientat ion design and introduct ion use 
product ion 
instruct ional design 1 1 2 3 4 
sof tware engineering 5 6 7 fc 
educational 9 10 11 12 
innovat ion 
project management 13 14 15 t 6 
1 Numbers o f the cells are presented to ease identi f icat ion o f a specif ic cel l . 
Figure 7.2 Stages and perspectives in prescriptions for courseware development in 
the ESLO initiative 
7.3.4 Bottlenecks 
The data on the specification group as well as on the work group computing in arable 
farming, crop growth and floristry yielded the following bottlenecks. 
Problems with prescriptions 
The specification group did not succeed in applying and improving the CILO method 
for courseware development. Project leaders complained that the CILO method is 
difficult to apply to their specific project. In addition, the members of the specification 
group complained that they lack time for the application and the improvement of the 
method. These reported problems are general for courseware development (section 
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2.3.2, p. 37). The standardization documents and the tools that were produced by the 
development group, show that this group is more successful in improving the 
methods used (Bus, 1988, 1989a, 1989b). 
Management prevails in the specification group 
The meetings of the specification group mainly concerned management issues. 
Specification issues were easily postponed or abandoned due to lack of t ime. 
Discussing specifications was perceived as too time consuming. Moreover, this group 
provided the only opportunity for project leaders to discuss the day-to-day 
management issues of their projects. 
Last stage prescribed but not executed 
In job descriptions as well as in prescriptions for courseware development summative 
evaluation was mentioned with regard to the courseware product and to the process 
of courseware development. This indicates that the last stage was anticipated in the 
prescriptions. In the specification group however, this topic was frequently raised and 
often postponed. Evaluation was perceived as difficult to handle, time consuming and 
yielding little results in relation to the required effort. Similar bottlenecks are reported 
in section 2.3.2 for courseware development in general. 
Curriculum committees 
Documents from the specification group and from the work group computing in arable 
farming, crop growth and floristry indicated that the role of curriculum committees is 
problematic. Curriculum committees were perceived as on the one hand dominating 
the courseware development in restrictive assignments and on the other hand too 
remote, since the committees refrained from guiding the courseware development and 
lack courseware-development expertise. Members of the project teams expected a 
curriculum committee to act as teacher representative. However, they perceived the 
curriculum committees too remote to act as such. 
During their work in the project teams, the work-group representatives in the 
curriculum committees ran into dilemmas that are connected with curriculum 
development policies. For example, according to the assignment of the curriculum 
committee on arable farming and crop growth, the information model on arable 
farming should guide the integration of agricultural computing into the curriculum as 
well as guide courseware development. This model appeared difficult to apply in 
several of the projects. Should a project team abandon the model, or try to apply it 
anyhow? Another example refers to the future of computing in education on arable 
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farming and crop growth. During one of the meetings, the work group on computing 
in arable farming, crop growth and floristry discussed this future, mainly from the 
viewpoint of creating new educational situations. This work group envisioned an 
integrated-learning environment that supports several important student activities 
such as plant selection and recognition. This viewpoint was not shared by the 
curriculum committee that emphasised the integration of agricultural computing. A 
third example is the dilemma between focusing on one growing method for a specific 
crop, thereby go into a greater detail and possibly use a group of prospective users, or 
deal wi th all possible growing methods. Such decisions were left to the coincidence of 
everyday practice. 
Resonance committees 
Documents from the specification group and the work group on computing in arable 
farming, crop growth and floristry indicated that resonance committees hardly ever 
met. The project teams would like to have feedback from these committees on 
learning objectives that are at the basis of the courseware and on the validation of 
subject matter. The work groups would like to discuss attainment targets. The 
occasional and formal exchange of information in the resonance committees did not 
yield this feedback. The resonance committees did not succeed in connecting 
courseware development wi th agricultural computing practice. 
Teacher involvement 
To facilitate teacher involvement, the availability and distribution of non-teaching 
hours is crucial. This resource has been perceived as a source of misery. Not enough 
teaching hours were available to execute the plans that have been made during the 
first year of the ESLO initiative. For 1989/1990, about 72 teaching hours were 
requested and only 32 were granted. 
The distribution of non-teaching hours frequently did not lead to the availability of 
required expertise. For example, a teacher involved in a project team expressed little 
motivation for using computers and showed hardly any expertise on relevant 
instructional practice. The teacher could eventually contribute subject matter expertise 
and support the project. 
Both teachers and other members of the project teams complained about the expertise 
of the teachers wi th respect to the possibilities of computers to create new 
educational situations. As already mentioned in section 6.3.3 (p. 151), teachers and 
other project members reported a learning process in the early months of the project 
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that was necessary to communicate within the project team. 
7.4 Analys is and conclusions 
This section analyses the results presented in the preceding section and provides 
explanations for the organisation of courseware development as studied in this 
chapter. The data-collection methods (section 7.2.3) include the use of a variety of 
data-collection procedures, the inclusion of the most important organisational entities 
as data sources and the use of a validation procedure. These methods support the 
validity of the conclusions. 
Omission of the first stage 
Figure 7.2 indicates that the orientation stage of the process is neglected in both 
instructional design and software development perspectives. Apparently in the 
organisation of courseware development the activities from these stage play a minor 
role. A likely explanation for this phenomena can be found in the division of 
responsibilities between the curriculum committee and the work group on computing. 
The normal procedure for writ ing curriculum materials causes the committee to issue 
an assignment for materials development and take care of the orientation activities in 
the first stage of the process of materials development (section 3.3, p. 69). The 
committee indicates subject, sequence of content and types of student activities that 
need support, and commissions further activities to the work group. This procedure, 
when applied to courseware development, leads to an omission of the first stage in 
the activities that are prescribed in the CILO organisation. 
In courseware-development practice, this procedure apparently creates bottlenecks. 
Project teams lack guidance from the curriculum committee regarding courseware 
development and reproach the curriculum committees of being ignorant wi th respect 
to courseware development. The teams grow autonomous. The curriculum 
committees, unlike the teachers involved in the project team, miss the learning period 
regarding the possibilities of computers in curriculum and do not have the knowledge, 
expertise or instruments to guide courseware development. 
Neglecting educational innovation 
Figure 7.2 shows that the prescriptions emphasize instructional design, software 
development and project management. Educational innovation is neglected. In the 
explanation of this disregard again the normal procedure for curriculum materials plays 
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an important role. The curriculum committee translates the innovation purpose 
regarding integrating computers in curriculum into an assignment for product 
development. The work in the project teams is product oriented: The work is finished 
when the product is ready for distribution. With this focus it is impossible for the 
project teams to pay much attention to the innovation process. Section 6.3.3 (p. 152) 
shows that curriculum committees are not interested in a dialogue wi th the project 
teams to guide product development. Apparently these committees also neglect the 
process aspects of this innovation and trust the product to do the innovative work. 
Section 2.2.3 (p. 29) indicates the importance of the process or product dimension of 
this innovation. The present organisation of courseware development is product 
oriented. 
Teacher involvement 
According to the prescribed courseware development, teachers as members of the 
curriculum committees are involved in formulating the assignment. Other teachers 
participate in the project team that actually develops courseware. This is supposed to 
support sufficient teacher involvement. However, the project teams report several 
bottlenecks that are related with teacher participation (section 6.3.3, p. 152). There is 
a long period required for teachers and courseware-development experts to become 
acquainted wi th each other. Courseware-development experts mention the problem of 
iteration in discussion with teachers, and teachers indicate insufficient teacher 
participation. Teachers that are involved would like to consult colleagues and involve 
more teachers in determining product development. 
An explanation of this situation can be found in the complexity of the innovation. 
Chapter 5 shows that the context needs to play an important role in courseware 
development. It is important to analyze these contexts and consult colleagues from 
different contexts. There is limited opportunity to do so, and as a result the observed 
bottlenecks are perceived in the project teams. 
To give an additional interpretation of this situation three dimensions of curriculum-
development strategies, focus of development, reality of use and expertise (section 
2.2.3) are helpful. The existing curriculum materials development for agricultural 
education can be characterised as generic, to a certain extent user driven and subject-
matter oriented. This development is generic, because the exemplary materials are 
meant to be used by all teachers. It is to a certain extent user driven because the 
development is done by individual teachers or work groups that mainly consist of 
teachers. It is not completely user driven since government policies determine 
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curriculum development policies. And it is subject-matter oriented since both 
curriculum and materials are subject-matter oriented and the teacher operates above 
all as subject-matter expert. 
Initially this approach of curriculum-materials development was applied to courseware 
development. Individual teachers developed courseware, often within the policy of 
curriculum committees. With the introduction of the ESLO initiative the development 
remained generic but wi th respect to the dimensions of realities of use and expertise 
the existing approach was challenged. The CILO organisation was brought in. 
Teachers no longer determined courseware design but had to cooperate wi th 
courseware-development experts. The approach became less user driven. The role of 
the teacher's subject-matter expertise is diminished and instructional design and 
software development were added as important fields of expertise. This explains the 
problems that surround teacher involvement. 
Applying prescriptions 
In the organisation of courseware development, instructional design and software 
development were separated and instituted in the specification group and 
development group respectively. For the specification group it was difficult to apply 
existing prescriptions and to improve prescriptions. Standards and prescriptions 
generated by the development group show that this group was more successful in 
this respect. 
The specification group performed different from what was expected, and this can be 
explained in several ways. One explanation refers to the dominance of the 
management activities. Projects need to continue and occurring problems need to be 
discussed and addressed by project leaders, project managers and the coordinators of 
specification and development group. The regular meetings of the specification group 
enable mutual consultation and decision making with respect to management issues. 
Another explanation emphasizes the unique character of the different courseware-
development projects. Each project deals with the creation of a particular new 
educational situation, in an unprecedented context. Therefore, it is cumbersome to 
find generalities in the specification that are apt for prescription. Exchanging 
experiences wi th specification in different projects is cumbersome and time 
consuming since the complete and unique project needs to be communicated. This 
explanation is supported by the findings in chapters 5 and 6 that underscore these 
contextual differences between educational situations and projects. It is also 
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supported in the literature on the difficulties that accompany the use of prescriptions 
(section 2.3.2, p. 39; section 2.4.2, p. 49). 
A third explanation is mentioned by members of both specification and development 
group and emphasizes the every-day pressures on the project work. Only activities 
that contribute to the survival of the project are executed, which does not inspire 
conscientious application of prescriptions. The period of data gathering coincided wi th 
the first years of existence of the CILO. Many of the hired personnel hardly had 
experience wi th courseware development. This made their work hectic and an 
interpretation of the work, as described here, plausible. Increasing professional-
development activities would change this attitude towards the work and result in an 
increase in the use and improvement of prescriptions. Observations regarding the 
projects that succeed the ESLO initiative indicate that indeed an improved CILO 
method for courseware development was generated (Stoas, 1991). 
Reflection of agricultural reality 
Within the organisation of courseware development, the resonance committees should 
act as a place were materials development and the world of agricultural community 
and business meet. Apparently the meeting of these two parties hardly occurs. Often, 
lacking commitment of both agricultural education and the world of agricultural 
community and business for these meetings are mentioned as an explication. The 
need for the exchange is threefold. There is a need to discuss the mutual tuning of 
agricultural-educational programs and demands of the vocational world. Also, goals 
and objectives, as formulated in the courseware, need to be confirmed. In addition, 
subject matter, including the relevant contexts as precipitated in the courseware, 
needs to be validated. From a courseware-development viewpoint the last two needs 
are the most vital, from the viewpoint of the agricultural community and business the 
first need is fundamental. A resonance committee will not answer these three needs. 
Chapter 6 showed that incidentally, project teams organised their own meetings wi th 
experts in the realm of vocational agriculture and thus have their goals and objectives 
confirmed and their subject matter validated. A more pragmatic approach, where both 
organisations are left to organise their own solutions, appears more practical. 
Scale and ambition 
Chapter 6 concluded that the scale of the courseware development projects is small. 
Section 7.3.2 indicated that about 7 fte and about 1,5 fte in non-teaching hours are 
available for nine curriculum committees. However, the ambitions are high. The 
attempt of the curriculum committee on arable farming and crop growth to use the 
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information model on arable farming as an instrument to guide integration of 
computing in the subject is indeed ambitious. The plans of the work group on 
computing in arable farming, crop growth and floristry on an integrated learning 
environment for arable farming and crop growth also testify of a high ambition. This 
ambition is an important incentive for the actors to stay involved. Due to the limited 
project scale it is impossible to realize this ambition. This difference between scale 
and ambition adds to the bottlenecks perceived by the work group regarding the work 
of the curriculum committee. 
This situation is an example of the problematic nature of the innovation at hand. 
Section 2.2.1 (p. 21) depicts this nature as promising, complex and contingent on the 
context of the innovation. The promising innovation provokes large ambitions that are 
difficult to manage due to the complexity and contingency of the innovation. Small-
paced, evolutionary development is suggested in section 6.5.3 (p. 166) as a an 
approach to deal wi th this ambiguity. This approach, however, does require an 
agreement on the large ambitions. 
Changing roles: teachers and designers involved in design and development 
Section 6.4.1 (p. 154) indicated that there is a change in the way courseware is 
designed and developed. These findings and those from the present chapter can be 
combined into an interpreted history of changing instructional design in the projects. 
Before the ESLO initiative, teachers developed courseware. They designed and 
programmed what they think is needed in their instruction and thus make exemplary 
courseware. In the first year of the ESLO initiative (1988), programmers took over the 
programming but the teachers still determined the design. During the subsequent 
years of the initiative, the influence of teachers on the design has been decreasing. 
Instructional design expertise, supplied by the educational expert, the project leader or 
by the system analyst, became more dominant in determining the instructional design. 
Creating new educational situations was an important issue in these years (1989, 
1990). Teacher's role became restricted to providing expertise on everyday teaching 
practice and on subject matter. The role of designers has been expanding. During the 
last year of the initiative (1991) most teachers have acquired new insights and skills 
on how computers can be used to create new educational situations. With insights 
and skills, communication improved. Instructional design became a prototype-based 
iterative process to which teacher, system analyst and project leader contributed on 
the basis of equivalence. The system analyst (assisted by the project leader) mainly 
acted as designer. The system analyst performed the programming job 
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simultaneously, or passed this job on to the programmer. 
In this interpretation of the history, the tension between the designer's wish to create 
new situations and possibilities, and teacher's need to design practicable courseware 
can be recognized (Brown & Duguid, 1992). 
7.5 Discussion 
On the basis of the analysis of courseware development in the projects, chapter 6 
phrases several prescriptions that increase use in practice. This chapter also outlines a 
preferred approach of courseware development. With the presented analysis of the 
organisation of courseware development it is now possible to formulate organisational 
prescriptions for courseware development (section 7.5.1). Section 7.5.2 discusses the 
consequences of the preferred approach of courseware development (section 6.5.5, 
p. 168) for an alternative approach of courseware development. Subsequently, on the 
basis of the formulated organisational prescriptions and the alternative approach, 
section 7.5.3 sketches a preferred organisation for courseware development. 
7.5.1 Organisation-related prescriptions 
In general, these prescriptions fit in an additional category (compare Table 6.2, p. 
160): The organisation should facilitate use-increasing courseware development. Table 
7.3 lists the relevant organisation related prescriptions. These prescriptions are 
explained in the ensuing paragraphs. 
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Table 7.3 Prescriptions for the organisation of use-increasing courseware 
development 
The organisation should facilitate use-increasing courseware development 
25 Courseware should be developed for (and in cooperat ion wi th) a school team of teachers 
26 Courseware development should incorporate expertise on teaching pract ice 
27 Suff ic ient resources should be available to faci l i tate teacher-developed courseware 
2 8 The courseware-development team should be responsible for all stages of courseware 
development, including the orientat ion stage 
2 9 The assignment fo r the courseware development should faci l i tate the project teams to be 
responsible for all stages 
3 0 The f inal goal of courseware development should not be a courseware product , but ef fect ive 
and ef f ic ient use o f the courseware in teaching si tuat ions and accordingly, the assignment for 
a courseware-development project should include criteria regarding th is ef fect ive and eff ic ient 
use 
31 It should be possible t o join dif ferent small courseware development projects into an 
evolut ionary series of projects that innovate agricultural education 
32 A func t ion of the professional centre fo r development of curr iculum materials is t o support the 
development teams in courseware development 
33 A func t i on of the professional centre for development of curr iculum materials is t o assist the 
management of the innovat ion process 
3 4 To per form both funct ions adequately, the professional centre should enlarge the 
professional ism of its staf f regarding courseware development as wel l as the management of 
innovat ion processes 
35 The school team of teachers and the design-and-development group of the professional centre 
for development of curr iculum materials should negotiate on the formulat ion of specif ic 
projects w i th in the condit ions that are set for these projects by the responsible organisation for 
curr iculum development pol icy and curr iculum materials development tha t funds these projects 
As section 7.3.1 indicates, the courseware development is generic: The focus of the 
development is located in a general agency for the development of courseware and 
not in specific teaching and learning situations. Teachers are involved as individuals. 
Teachers indicate they appreciate contacts wi th colleagues (section 6.3.3, p. 152) 
and section 6.5.5 advises situation-specific courseware development where teachers 
have a leading role (teacher-developed courseware). Courseware preferably should be 
developed in teams of teachers that work in one situation, that is within one school. 
This should be the central unit for courseware development. Therefore prescription 25 
reads: Courseware should be developed for (and in cooperation with) a team of 
teachers within one school. In situation-specific courseware development, expertise 
on teaching practice is among the important areas of expertise (prescription 26). In 
addition, sufficient resources, such as non-teaching hours should be available to 
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facilitate teacher-developed courseware (prescription 27). 
The central unit for courseware development (a team of teachers within one school) 
should be responsible for the complete courseware development process, including 
the stage that is excluded in the investigated organisation of courseware 
development: the orientation stage (section 7.4). Prescription 28 reads: The 
courseware development team should be responsible for all stages of courseware 
development, including the orientation stage. The assignment for the courseware 
development should facilitate project teams to be responsible for all stages 
(prescription 29) and these assignments consequently should be process oriented and 
not product oriented: incorporate criteria for effective and efficient use of courseware 
in educational practice. The final goal of courseware development should be the 
effective and efficient use of the courseware in teaching situations and not a 
courseware product. The assignment for a courseware-development project should 
include criteria regarding this effective and efficient use (prescription 30). 
As demonstrated in section 7.4, scale and ambition are not balanced in the 
investigated courseware development. Scale is small and ambition is high; however 
this ambition is dispirited since curriculum committees fail to combine different 
projects into a larger ambitious policy on educational innovation. Consequently, 
prescription 31 reads: It should be possible to join different small courseware 
development projects into an evolutionary series of projects that innovate agricultural 
education. 
As discussed in section 7.4, changing roles can be observed in the investigated 
process of courseware development. The courseware designers increasingly become 
experts in the design of instruction (or more specifically the design of courseware) 
that addresses the needs of teachers, and teachers increasingly become aware of the 
needs that can be addressed by courseware. Consequently, the function of a 
professional centre for courseware development should be the support of the (teacher-
based) development teams so the courseware will address the needs of teachers 
(prescription 32). Following prescriptions 14 ( 4 ) 1 and 18 ( 6 1 , this centre for courseware 
development is incorporated in a centre for curriculum materials development. The 
professional centre is not only involved in courseware development but also in an 
educational innovation (compare prescription 28) that is addressed by means of an 
evolutionary approach (compare prescription 31). The management of this innovation 
1 The number in parenthesis indicates the chapter tha t phrases the specif ic prescript ion. 
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will require additional expertise that is not available in the schools. The professional 
centre for courseware development should render this type of expertise too 
(prescription 33). To perform both functions adequately, the professional centre 
should enlarge the professionalism of their staff regarding the development of 
courseware that addresses needs, and regarding the management of innovation 
processes (prescription 34). 
To achieve a clear assignment for a courseware-development project, the three parties 
involved (the team of teachers within a school, the design and development group of 
the centre for curriculum materials development and the project funding agency: the 
curriculum committee or the MANMF) should reach an agreement. This agreement is 
determined by the conditions that are set for these projects by the responsible 
organisation for curriculum policy that funds these projects. These conditions 
encompass sufficient funding for teaching involvement (compare prescription 27) and 
explicit criteria regarding effective and efficient use of the courseware (compare 
prescription 30). The project team within a school and the design and development 
group of the professional centre for development of courseware should negotiate on 
the formulation of specific project goals and project plans within these conditions 
(prescription 35). 
7.5.2 The alternative approach 
As stated in section 6.5.5, the focus of courseware development should change from 
generic to context or situation specific. Considering the diversity in the contextual 
factors that determine use in practice (chapter 5), the largest unit for which 
courseware is developed should be that of a team of teachers working within one 
school. Such a team agrees on instructional strategy and course content, is 
responsible for a course or a qualification certificate, and is employed at one school. 
Occasionally the courseware development effort might extend to several schools, 
provided that possible regional differences between schools are of no concern to the 
prospective courseware. 
According to section 6.5.5 the reality of use of this approach should be teacher-
developed courseware. The large differences between contexts cannot be answered 
by an adaptable courseware approach, especially since the nature of these differences 
are related to the teaching tasks and probably need a different functionality of the 
courseware. To answer this diversity in teaching tasks, the epitome is not teacher 
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involvement (teachers to a large extent already are involved), but teacher 
development: The prospective users should determine the design of the courseware. 
In combination with situation-specific development this implies that courseware 
mainly will be developed by school teams. These school teams should start 
courseware development with orientation and analysis activities; the activities that 
characterise the first stage of courseware development. One of these activities will be 
the prescribed environmental analysis. Also, these teams should end wi th the last 
stage: the stage of evaluation of the use of courseware development. 
The expertise on teaching practice needs to become more dominant, since this 
expertise embodies information about the context. Section 7.4 describes the changing 
roles of teachers, system analyst and project leaders and the balancing of these roles 
in equivalence where these three parties together, in an iterative process based on 
prototyping, design courseware. This courseware should have a cognitive- tool 
character. A new equivalence should be found, where the information about the 
context determines courseware design, and simultaneously designers can contribute 
their expertise to create new educational situations. An important additional expertise 
concerns the management of educational innovation processes and should be provided 
by the professional centre for courseware development (Moonen, 1995). 
The courseware-development projects should shift from a product development 
orientation to an orientation on a process of designing valuable new educational 
situations incorporating agricultural-computing issues, and thus from a product 
orientation to a process orientation. Project assignments should not solely be phrased 
in terms of product deliverables, but also in terms of changing educational situations. 
This implies developing new, process-oriented criteria. One of the most important 
criteria will be the number of product users. A process approach requires a first stage 
of exploration and analysis to assess important process goals and variables that can 
be influenced. When this stage is not incorporated in the responsibilities of the project 
team, a process approach is impossible to adopt. 
The scale of the evaluated projects is small. There are several reasons to preserve the 
small scale of the projects. However, the ambition of the actors involved is large and 
this creates a strain in courseware development. This ambition needs to be managed. 
A suggestion to manage this ambition in courseware development by means of an 
evolutionary approach is given in section 6.5. Evolutionary courseware development, 
combined with team-based courseware development, leads to the establishment of 
experimental schools (compare the technology enriched schools, Collis & Carleer, 
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1992) or departments within schools, where the courseware can be developed and 
used and that can act as examples for other schools and school teams. 
7.5.3 Characteristics of a new organisation 
Section 7.3 describes the organisation of courseware development during the ESLO 
initiative in terms of actors and activities, facilities, and methods, tools and 
techniques. This section outlines a new organisation for courseware development, 
tailored to the increase-use-in-practice perspective. A blueprint of actors is sketched 
in Figure 7.3 and will be elaborated in the subsequent paragraphs. 
Ministry of Agriculture, Nature Management and Fisheries (MANMF) 
agricultural 
communi ty and 
business 
branch 
organisations on 
comput ing 
team(s) o f teachers in 
other schools 
organisation for the development of inst i tut ions fo r support of 
curriculum and curriculum materials agricultural education 
professional centre for development 
of curr iculum materials 
design and development 
group 
project team 
Figure 7.3 Blueprint of a new organisation of courseware development for 
agricultural education 
Actors and activities 
The new project team for courseware development consists of a project leader, 
preferably two additional teachers (that also carry responsibility to inform and involve 
other colleagues from the team), a designer and a developer, both from the 
professional centre. The term designer is used to emphasize the importance of the 
context of the design as well as the central role of the teachers in designing the 
materials. The term developer stands for a professional that actually develops and 
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produces the materials. The team thus is dually based. It is located within a school 
and based on a team of teachers. Also it is part of a centre for professional 
development of curriculum materials and based on the design and development group 
within this organisation. 
The assignment for a courseware-development project preferably originates from a 
discussion between a school team and the organisation for the development of 
curriculum and curriculum materials. The school team contributes involved teachers 
and ideas as well as opportunities to create new educational situations that 
incorporate agricultural-computing issues. The organisation determines priorities 
among different curriculum-development projects and distributes the available funding. 
Courseware development is thus embedded in normal procedures for curriculum 
development. It is very well conceivable that there is a diversity of materials-
development projects, some of which are school-team based, others might know a 
more centralized approach. 
The project team itself is responsible for the contacts wi th other teams of teachers, 
the world of agricultural community and business and branch organisations. The 
purpose of these contacts is increased-use-in-practice. 
Facilities 
These projects should be block-grant funded and the grant should be awarded to a 
combination of a school and the professional centre. Within the school, teachers that 
are involved in the project should be partly exempted from normal teaching tasks. 
When considering selection of teachers, the expertise and incentives of these teachers 
wi th regard to the use of computers is important. Incidently it will be advisable to 
train teachers in the design of new educational situations that utilize information 
technology. The professional centre is responsible for the expertise of other members 
of the project team. 
Methods, techniques and tools 
The methods used should be process-oriented, employ an increased-use-in-practice 
perspective, have a high degree of iteration and guide contextual inluence on the 
design process (for example through prototyping and formative evaluation). 
Techniques and tools should allow for modelling future use in practice. Possible 
techniques and tools are given in Schuler and Namioka (1993) and Greenbaum and 
Kyng (1991). The technique of mapping factors that increase use in practice 
(Dickerson & Hedman, 1993) will be helpful. 
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Bottlenecks 
The bottlenecks discussed in the section 7.4 are the omission of the first stage of the 
courseware development, the neglecting of educational innovation, inadequate teacher 
involvement, difficulties in applying prescriptions, insufficient reflection of agricultural 
reality in courseware-development processes, lacking balance between scale and 
ambition, as well as tensions between professional courseware developers and 
teachers. Implementing the new organisation is aimed at increasing use in practice by 
addressing these bottlenecks. However, new bottlenecks probably will be created. 
Among these bottlenecks are the dissemination of courseware, the distribution of 
available funds for curriculum materials development among school and copyright 
questions in relation to the use of Internet-based applications. 
One bottleneck is that of an even distribution of the available funds for curriculum 
materials development among schools. An imperative even distribution will result in 
too small amounts of funding. Cooperation between schools wi th respect to a division 
between schools of different domains of school improvement might result in 
concentration of curriculum materials development within a limited number of schools. 
Consequently, the distribution of other funds than funds for curriculum materials 
development should be included in the negotiation between government and schools 
on the funding of projects for curriculum materials development. 
Another important bottleneck that can be anticipated is that of dissemination of the 
situation-specific courseware. Informing and involving other teachers and schools, 
that do not directly constitute the courseware-development project, is a suited 
strategy to handle the dissemination problem. The courseware should be transferable 
from one specific situation to another. Transferability should be one of the quality 
criteria for courseware products. This critérium should be embodied in the 
professionalism of the courseware-development organisation. 
Recent developments in information and communication technology (Internet tools) 
allow for the development of courseware products that f i t the need for cognitive tools 
for teaching. Examples are tools to increase discussion among students, tools to 
assign tasks to individual students, tools to increase and improve feedback to 
students, tools to ease the distribution of teacher-made materials, as well as tools to 
use materials that are created and update elsewhere. These tools can be characterised 
as small-scale products that are based on a standard technology platform. This 
character makes the tools easy to transfer from one situation to another. 
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In addition, the Internet and the WWW create many new opportunities for new 
educational situations. For example, in agricultural education the duality of learning 
and agricultural practice is traditionally embodied in the apprenticeship programs. One 
of the problems in the apprenticeship programs concerns facilitating learning in 
practice. Increasingly, other programs try to enlarge the role of learning in practice and 
these programs are confronted with this problem too. The Internet provides tools to 
improve and enlarge communication between students and between students and 
teachers. These tools might very well help solve this problem. With these new 
opportunities, new bottlenecks will present themselves. An example of these 
bottlenecks is the area of copyright of instructional materials, as well as payment for 
the use of these materials. 
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8 TOWARDS AN ECOLOGICAL APPROACH 
8.1 Introduction 
The first chapter of this thesis phrased the central question: How to develop 
courseware that will be used by teachers in agricultural education practice? The 
intended answer consists of prescriptions for courseware development that increase 
the likelihood of use of courseware in practice and of methodological insights that 
help finding, selecting and interpreting prescriptions for courseware development. 
Chapter 2 provided the theoretical frame of reference and chapter 3 depicted the 
background of courseware development in Dutch agricultural education, the central 
issue in this thesis. The frame of reference was used to describe and interpret the use 
of computers and courseware in agricultural-education practice in chapters 4 and 5, 
which results in an overview of factors that influence the use of computers and 
courseware as well as in a list of use-increasing prescriptions for courseware 
development. The frame of reference was also used to describe and understand the 
process of courseware development for Dutch agricultural education in chapters 6 and 
7. This resulted in a modification of the already-phrased prescriptions and in additional 
prescriptions regarding the organisation of courseware development. In order to realise 
a set of prescriptions that is easy to handle during courseware development these 
prescriptions were not only listed but also summarized into a courseware-development 
approach (section 6.5.5, p. 168). 
This last chapter aspires to illuminate the methodological insights that are confined in 
the use-increasing prescriptions and the summarized approach. The central question 
is: What methodological insights are confined in the prescriptions that result from 
chapters 4 to 71 Section 8.2 reviews the findings of the four case studies, reported in 
the chapters 3 through 7. These findings encompass an assessment of computer use; 
an overview of factors that influence computer use and prescriptions for use-
increasing courseware development. The findings are based mainly on data from the 
1989-1992 period. To assess the relevance of these outcomes for present 
courseware development, section 8.2 also depicts recent developments in agricultural 
education. Sections 8.3 and 8.4 outline the methodological insights that can be 
generated on the basis of the case studies. The last section of this chapter (8.5) will 
consider the implications of these insights for courseware development. 
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8.2 Review of findings 
8.2.1 Use of computers and courseware 
Chapter 4 showed that in 1992 about 4 2 % of Dutch agriculture-oriented teachers 
used computers in their teaching (understood as any use of computers during lesson 
hours); mainly in the last two years of the curriculum; and on the average in 8,5 
lesson hours per full-year course. A recent study (1996) indicates that about 5 0 % of 
the agriculture-oriented teachers use, or once used, computers in their teaching. 
Chapter 4 argued that this is insufficient in a curriculum that is to prepare students for 
the agricultural vocations, since computers play an important role in these vocations. 
The majority of the agricultural teachers (about 3/4 or more) need to use computers 
during the lessons. 
8.2.2 Factors influencing computer use 
Chapters 4 and 5 investigated the factors that influence use of courseware in 
agricultural-education practice. This resulted in ah overview of factors that is depicted 
in Figure 4.5 (p. 91) and specified and extended in Figure 5.1 (p. 120). The following 
factors are concerned. 
Subject taught 
Computer use and subject taught appear to be distinctly linked. A possible explanation 
is offered by the relation between the nature of the subject and its relation to 
computer use. This results in a extensive attention for computer use in some and little 
attention in other subjects. 
Rationales for computer use 
Section 2.2.1 (p. 21) showed that the functional and vocational as well as the 
pedagogical and catalytic rationales probably are the more important ones in 
agricultural education. The chapters 4 and 5 assessed a combination of needs for 
computer use that f i t these four rationales. These rationales appear to be important in 
influencing computer use in practice. 
With respect to the functional and vocational rationales, chapter 4 indicated a lack of 
agreement on the place of agricultural computing objectives in curriculum which will 
influence computer use. Chapter 5 showed that one of the important needs for 
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computer use relates to learning students how to acquire and use information in 
vocation specific decision making. To provide this type of instruction, a mirror of 
agricultural practice in the classroom is needed. Students need data to analyze and 
evaluate, as well as contexts in which decisions need to be made (e.g. a learning 
environment that provides students with information rich farm management tasks). 
Teachers expected the courseware to assist them in importing this agricultural 
practice into the classroom. And they demanded the imported practice to be a valid 
and lifelike representation of this practice. Courseware can furnish learning 
environments that confront students wi th vocation specific information rich decision 
making. And courseware also can provide instruments for analysis and evaluation that 
will help students learn to acquire necessary information. In this context it is 
understandable that teachers need to be informed about and have knowledge of 
agricultural computing. 
With respect to pedagogical and catalytic rationales, the consequences of computer 
use for learning results appeared to be surrounded with uncertainties. These 
uncertainties probably affected computer use. Furthermore, teachers indicated that 
motivating students is important in agricultural education. Computers need to support 
this teaching task. And the type of instruction that incorporates the use of 
courseware should be assignment-oriented. Also, teachers expected the computer to 
function as a teacher toolkit, that assists them in their teaching tasks. These tasks 
concern the support of student learning by means of (preferably) individualized 
assignments. In addition, teachers expected computers to support students in learning 
how to perform analysis and evaluation tasks and thus support students in acquiring 
higher order cognitive skills. 
Teacher involvement 
Teacher involvement in courseware development appeared to be an important factor. 
Teachers can be involved as subject of analysis in the orientation stage, teachers may 
contribute their expertise in the production of courseware, teachers participate in 
formative and summative evaluation, teachers can produce courseware wi th the help 
of authoring tools, and teachers, being involved in the complete courseware 
development process, can act as co-designers. Teachers in agricultural education 
indicated they feel concerned with courseware development but are little involved in 
this development. 
Perceived availability of courseware 
Profound differences were established between the actual availability of courseware 
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and perceived availability of courseware. Perceived availability was indicated as a 
factor that influences computer use. As a consequence, the information channels 
through which teachers are informed about courseware are of importance. Teachers 
expected the normal channels for professional development to function as information 
source regarding computer use. Among these channels are: in-service training, contact 
w i th colleagues, vocation-oriented journals, and participation in curriculum 
development and related activities. 
Courseware 
With respect to the quality of courseware, the degree to which the courseware fits 
specific subject content and regular teaching strategies appeared to be most 
important. Next to these factors, the quality of accompanying materials played an 
important conditional role in informing teachers about the courseware. Furthermore, 
the teachers demanded the courseware to be easy to use and easy to learn. 
Teacher time 
Teacher time appeared to be one of the more important factors influencing computer 
use. Teachers needed time to learn how to use the courseware, develop instructional 
strategies and assignments, as well as organise first use. For these initial activities the 
results of the studies indicate that about five hours up to a maximum of 20 hours are 
acceptable teacher-time investments. Lesson preparation and handling the courseware 
during teaching require additional time investments. When compared wi th normal 
lesson preparation, an estimation of at most 30 minutes seems appropriate. The 
necessary time investments for handling courseware during teaching are highly 
variable and depend on the courseware and on various factors in the teaching context. 
Diversity in factors concerning teaching situations 
Several factors can be grouped together since these factors all concern differences 
between teaching situations. These factors concern teaching tasks and conditions 
that facilitate these tasks. 
Teachers differed in the degree to which they collaborate when using computers. 
Often, there occured little collaboration between colleagues, teaching one subject 
within a school. The facilities that were available for a teacher to use computers were 
highly variable. It concerns numbers and quality of computers and related hard- and 
software, but also the organisation of the use of computers and available technical 
support. Dissimilarities occured in the teaching arrangements that different teachers 
use. Teachers appeared to apply various combinations of agricultural software and 
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courseware, to employ several sizes of students groups, to use assignments in 
different manners and to deviate in their judgements of student characteristics. 
Students characteristics differed between student groups in the courses taught. Also 
there appeared to be a relatively large freedom for teachers to adapt the curriculum: 
Where one teacher feels there is hardly any space in curriculum, another teacher 
allocates several lesson hours to computer use. And, last but not least, regional 
agriculture also contributed to the variety in teaching arrangements. 
In conclusion 
A specific combination of vocational, functional, pedagogical and catalytic rationales 
for computer use influences computer use in practice. Needs were assessed that refer 
to the import of a valid agricultural practice; the creation of learning situations that 
challenge vocation specific decision making and information handling; creation of 
assignment-oriented and motivating learning materials that stimulate the acquiring of 
higher order thinking skills, and that can be used in a teacher toolkit fashion. 
The match between teaching tasks and courseware appears to be a crucial factor both 
in terms of teacher-time investments and in terms of the degree to which the 
courseware f i ts teaching strategies. Teacher involvement is another factor. Teachers 
express the wish to become involved in courseware development.A striking factor, 
that seems to be of importance is the large diversity in teaching situations. This 
diversity at least partially explains the difficulty in assessing a coherent group of 
factors that explains computer use. Courseware development needs to anticipate this 
diversity in teaching situations. 
The section in chapter 2 on approaches in human-computer interaction (2.4.4, p. 52) 
distinguished between usability engineering and cognitive-tool design. Usability 
engineering assumes that most problems in relation to the use of computer 
applications (i.e. courseware) are primarily related to the user interface of the 
application and not to the functionality of the application. Cognitive design suspects a 
mismatch between computer functionality and human activities (task inconsistency) at 
the basis of the problems regarding the use of computer applications. When 
examining the specific and dynamic set of factors that influence the use of computers 
and courseware in Dutch agricultural education, most factors appear to be related to 
the task-inconsistency problem and not to the problem of deficient user interfaces. It 
is plausible that the cognitive-tool design approach will be more effective in increasing 
use in practice than a usability engineering approach. 
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8.2.3 Courseware development oriented toward increased use 
The use-influencing factors, summarized in the section 8.2.2, were interpreted and 
transposed to prescriptions for use-increasing courseware development in sections 4.5 
and 5.5. Chapter 6 studied courseware development for Dutch agricultural education 
and the role of the prescriptions in courseware development. This resulted in an 
elaborated set of 24 use-increasing prescriptions, compiled in Table 6.2 (p. 160). 
Chapter 7 investigated the organisation of courseware development and added 11 
organisation-related prescriptions in Table 7.3 (p. 194). 
Courseware should address needs 
Probably, the most important needs of teachers relate to the integration of agricultural 
computing in curriculum and to the support of teaching and learning by computers. 
Integration of agricultural computing can be supported by courseware that provides 
learning environments in which students are confronted with information rich farm 
management tasks. To create such environments or to assist teachers in creating 
such environments, courseware should import agricultural practice that is valid, 
relevant and specific. Courseware development should, in interaction wi th 
representatives from vocational agriculture, evaluate the imported agricultural practice 
in this respect. In addition, the courseware should indicate where in curriculum the 
specific agricultural-computing content should be integrated. Since this content is 
subject specific, the courseware development also should be content specific. 
Courseware should support teaching by indicating what learning results are achieved 
when students use courseware. In addition, courseware can support teaching when it 
can be used as a teacher toolkit. Courseware should motivate students to learn and 
thus support student learning. Also, courseware should be assignment-oriented and 
aim for higher-order thinking skills. 
Courseware development should lead to lower costs of use 
To secure a minimum of time investment by teachers, courseware development 
should include time constraints as quality criteria for courseware products. A 
suggested time constraint is five hours initial time investment. To meet such 
constraints, courseware should be easy to use and easy to learn and have a simple 
user interface. In addition, courseware that is developed for generic software, already 
in use by teachers, wil l require relatively little time investment. 
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Courseware development should match teacher learning 
The process of courseware development should match teacher learning in order to 
support the teacher in deciding on the use or no-use of computers and courseware. 
Involving teachers in courseware development is one of the opportunities to 
encourage teacher learning. Another opportunity is to integrate courseware 
development in normal routines of instructional-materials development and to embed 
courseware in regular instructional materials. In addition, courseware should be 
presented to teachers through normal channels of professional development such as 
in-service training and professional and vocational journals. 
In the process of learning teachers how to deal with computers in curriculum, the first 
use of courseware is an important stage. Courseware should support this first use by 
providing a specification of first use that will lead to an improved chance of success. 
For the inexperienced user, support of learning how to use the courseware is helpful. 
The courseware should also offer opportunities to tailor the courseware to specific 
needs of the experienced user. To encourage teacher learning, teachers should be 
challenged. Future innovations and ultimate goals can be used to build this challenge. 
However, the courseware-development process should keep pace with the 
opportunities for teachers to incorporate courseware in their teaching and this calls for 
evolutionary development, resulting in a series of small, coherent, consecutive 
courseware packages. 
Courseware development should anticipate differences in teaching situations 
When observing important factors that influence use, the large differences between 
teaching situations with respect to several of these factors are conspicuous. Relevant 
factors are: teacher tasks, instruction styles, possible teacher-time investments, 
student group characteristics, facilities and regional characteristics of agriculture. 
This diversity should influence courseware development. An effective approach is to 
involve teachers in the courseware-development process for example as co-designers 
of courseware. Throughout the process of courseware development, techniques 
should be applied that aim for feedback on the courseware design wi th respect to 
relevant factors. Examples are techniques for formative and summative evaluation, the 
technique of environmental analysis and the technique of constructing usage maps. 
The organisation should facilitate use-increasing courseware development 
One of the key factors in use-increasing courseware development is teacher 
involvement. Teacher involvement implies, that the main function of the courseware 
development process is to support teaching practice by innovating this practice. This 
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has consequences for the organisation of courseware development. Effective and 
efficient use of the courseware in teaching practice in contrast to a single courseware 
product should be the final goal of courseware development. The assignment for the 
courseware development project or projects should be congruent wi th this goal and 
include criteria regarding this effective and efficient use. The courseware development 
should be school-team based. To fit teaching practice, the courseware development 
should be small-scaled. To be challenging, courseware should be evolutionary. The 
consequence of this small-scaled and evolutionary development is that the different 
projects should together build a continuous process of innovating teaching practice. 
In this continuous process, the function of the professional centre for courseware 
development is to support the development teams in courseware development, to 
assist the management of the innovation process and to enlarge the professionalism 
of their own staff. This professionalism concerns courseware development as well as 
management of innovation processes and is a key factor in learning process that 
teachers go through when developing courseware. This professionalism should be an 
important stimulation for innovation. The two parties involved (school teams and 
professional centre) should negotiate on the assignment of specific projects within the 
conditions that are set by the responsible organisation for curriculum development 
policy and curriculum-materials development that funds these projects. This 
assignment should make the development team responsible for all stages of 
courseware development, including the orientation stage. 
In conclusion 
The previous paragraphs give a summary of the extensive lists of generated 
prescriptions for use-increasing courseware development (Tables 6.2 and 7.3). These 
prescriptions can be joined together in a courseware-development approach wi th the 
help of the five dimensions of courseware development approaches that are described 
in section 2.2.3 (p. 28). The first dimension is that of the focus of courseware 
development, which concerns the locus of decision making in courseware 
development: Is the development generic or focused on specific situations? The 
second dimension is that of expertise: What expertise is mainly used in courseware 
development? The third is the dimension of reality of use: Is the product used as 
developed, adapted or developed by the users themselves? The fourth dimension 
relates to the dilemma of process versus product: Is the development oriented 
towards the courseware product or towards the innovation process? The f i f th and last 
dimension concerns the interconnected dilemmas of scale and ambition: What is the 
balance between scale and ambition of the courseware development? 
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The prescriptions accentuate courseware development for teams of teachers in 
specific school contexts. Courseware development should be focused on specific 
situations [focus of development). With respect to expertise the main areas of 
concern should be the expertise of use in practice, needs of teachers, instructional 
design and the expertise of management of innovation processes. The prescriptions 
also emphasize teacher involvement to such an extent that teachers are involved as 
co-designers of courseware. The reality of use should be user-developed courseware; 
during development users should be supported by courseware development 
professionals. The courseware development should be oriented to effective and 
efficient use of the courseware and not primarily to courseware products of high 
quality. This implies that courseware development should be process- and not 
procrt/cf-oriented. Furthermore, courseware development should be evolutionary and 
thus allow for a combination of small-scaled development and high ambitions. 
8.2.4 Relevance of the findings for present courseware development 
Three of the four case studies described in the previous chapters are based on data 
from the 1989-1992 period. Subsequent paragraphs examine the relevance of the 
conclusions regarding the use-influencing factors and the use-increasing prescriptions 
for present courseware development. 
Changes in agricultural education 
The years succeeding the main period of data collection, 1992 - 1996, are 
characterised by the implementation of a qualification-oriented curriculum, by the 
implications of the forming of AOCs as well as by the restructuring of the curriculum 
development and educational-support system (section 3.3, p. 71). 
Important objectives of the curriculum innovation are: a learning track that is highly 
individualized; an increased orientation on vocational practice resulting in an increased 
merging of practical activities and school-related activities; and instruction that is 
focused at individual learning in stead of knowledge transfer. The degree to which 
schools and teachers realize this innovation is difficult to assess. It is likely that 
schools and teachers vary in the way they handle this innovation. During the period of 
innovation implementation, the diversity in teaching situations will increase. 
The AOC formation affects teachers and their positions since it implies the 
reorganisation of small schools into a larger organisation with a unified management. 
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There is a range in the degree to which schools integrate. Some AOCs maintain the 
separation between schools and restrict the merging to management and 
administration of the schools. Other schools, for instance under pressure of 
decreasing numbers of students, will be inclined to integrate curriculum programs. It is 
likely that the differences between positions of teachers will increase. For example, 
some teachers will be forced to teach at different locations, others maintain their 
position at one location. 
Instructional materials for the qualification-oriented curriculum need to f it the different 
certificates that together form the qualifications. Developing certificates and writing 
new instructional materials for these certificates are the first steps of the 
implementation of the qualification-oriented curriculum. However, many of these new 
materials only indicate a sequence of subject matter and the nature of the 
assignments that can be used and are not ready for use. Four of the five teachers, 
that are interviewed in 1995 (chapter 5) report that they are unable to use the new 
materials and consequently start developing their own materials or find ways to obtain 
other instructional materials (personal communication). It is therefore likely that in the 
period 1992 - 1996, many teachers refrain from abandoning existing (old) 
instructional materials, write personal materials or obtain materials from colleagues 
and this wil l add to the diversity in teaching situations. 
Changes in the organisation of courseware development 
Chapter 3 reported the fusion of CILO and Stoas. In 1996 Stoas supports courseware 
development for agricultural education. This support is delivered by project leaders, 
designers and developers that work in Stoas organisation and execute autonomously 
or in cooperation with others courseware development projects. 
The organisation of curriculum development changed considerably. One organisation is 
responsible for the formulation of qualifications and certificates that constitute these 
qualifications. Agricultural community and business and the schools are represented in 
this national platform on vocational education and training in agriculture (LOBAS). A 
new centre for development of learning materials (OC) is responsible for the 
organisation of materials development. Non-teaching hours are distributed by the OC. 
Priorities are assessed in a conference that is composed of representatives from the 
schools and from LOBAS. Materials are developed in work groups where teachers, 
supported by the institutions for support of agricultural education including Stoas, 
develop materials. 
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Important differences compared to the organisation as described in chapter 7 pertain 
to the position of the teachers, the position of the curriculum committees and the 
position of the schools. In the organisation as described in chapter 7, teachers are 
represented in the curriculum committees. However, this position did not result in a 
large influence of teachers on the courseware development assignments. In the new 
organisation, teachers still are represented in the curriculum committees, but these 
committees barely function. Attempts are made to mobilise an organisation where 
present needs for materials development among teachers are assessed, however wi th 
little success (Welling, 1996). Consequently, the new organisation did not increase 
teacher's influence on courseware development assignments. Chapter 7 indicated that 
schools hardly have any influence on courseware development. The organisation of 
the AOCs in the AOC council, the collaboration of innovation and practical training 
centres and the cooperation of different apprenticeship systems resulted in a 
considerable gain of school influence in the process of curriculum and materials 
development. 
For courseware development projects these changes probably have little effect. 
Assignments are still formulated without thorough consulting of agricultural 
community and business, and without assessing on a considerable scale the present 
needs in teaching practice. The introduction of the product is still perceived as a 
combination of distributing the product and offering an in-service training on the use 
of the product. The courseware-development projects remain product-oriented and 
their focus of development is generic. Exemplary materials are developed that will be 
used as such or used after adaptation. The dilemmas of scale and ambition have not 
been resolved. 
Relevance to present courseware development 
Many of the prescriptions for courseware development formulated in the previous 
chapters are based on the assessment of a large diversity of teaching and learning 
situations in agriculture. Relevant changes in the period 1992-1996 probably will lead 
to an increased diversity of teaching and learning situations in agricultural education. 
The prescriptions are also based on the shortcomings in the organisation of 
courseware development. The organisation for curriculum development changed in the 
1992-1996 period, but it is unlikely that this will affect the organisation of 
courseware development. Moreover, the prescriptions stress the importance of 
situation-specific solutions and imply an expanded influence of teachers. The 
possibilities and promises of information and communication technology for education 
(Internet and WWW) expand and offer the tools to create these situation-specific 
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solutions. Also, the tools are easier to learn and easier to use, which makes a more 
supportive role of designers and developers possible. It is plausible that the generated 
prescriptions (Tables 6.2 and 7.3) are relevant for present courseware development 
for agricultural education. 
8.3 In search of methodological insights 
This thesis analysed courseware development and use in Dutch agricultural education. 
The main incentive for this analysis was the problem of disappointing use of 
courseware in teaching practice. On the basis of the analysis, different factors were 
assessed that influence the use of courseware in teaching. These factors have been 
transposed to prescriptions for use-increasing courseware development and could be 
fused together into a coherent set: a courseware-development approach. This 
essentially is a process of tailoring the method of courseware development to the 
specific context of courseware development and use. In this thesis, emphasis is on 
tailoring courseware development in order to increase use in practice. 
8.3.1 Tailoring of courseware development or methodology engineering 
In the literature on human-computer interaction (HCI), Lemmen and Punter (1994) also 
suggest tailoring software development methods to specific situations. They argue 
that no single existing method can suit situation specific needs. These authors name 
this process of tailoring situation specific methodology engineering. The problem 
situation and possible methods should be matched in order to find out what elements 
of different methods might be of use in a specific situation. For this methodology 
engineering, these authors use a descriptive framework to characterise methods and 
an analytic framework to characterise specific situations. The matching of methods 
and situation is done by establishing contingencies between methods and situation. In 
analogy wi th the situation-specific methodology engineering of Lemmen and Punter 
(1994), clarification of the contingencies between courseware-development 
approaches and the specific situation would make it possible to tailor a courseware-
development approach and thus select a relevant group of prescriptions on the basis 
of a situation analysis. The methodological insights that this section (8.3) attempts to 
discover, are enclosed in these contingencies between specific situation and 
approaches. These insights will simplify the tailoring of courseware development and 
thus simplify the finding, selecting and interpreting of relevant prescriptions. The 
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subsequent section (8.3.2) will examine the characterisation of courseware 
development approaches. Section 8.3.3 will outline the attributes of the situation that 
are important to analyze for the tailoring of courseware development. Finally section 
8.3.4 will consider the relevant contingencies. 
8.3.2 Characterising courseware-development approaches 
Five dimensions 
To match courseware-development approaches with a specific situation, these 
approaches need to be characterised. Section 2.2.3 (p. 28) presents five major 
dimensions that describe courseware development approaches. These dimensions 
already are used in section 8.2.3 to fuse the prescriptions for use-increasing 
courseware development for agricultural education into a use-increasing courseware 
development approach. The first dimension is that of the focus of courseware 
development: Is the development generic or focused on specific situations? The 
second dimension is that of expertise: What expertise is mainly used in courseware 
development? The third is the dimension of reality of use: Is the product used as 
developed, adapted or developed by the users themselves? The fourth dimension 
relates to the dilemma of process versus product: Is the development oriented 
towards the courseware product or towards the innovation process? The f i f th and last 
dimension concerns the interconnected dilemmas of scale and ambition: What is the 
balance between scale and ambition of courseware development? With the help of 
these dimensions it is possible to characterise courseware development approaches. 
Illustration of characterising courseware-development approaches 
To illustrate the characterisation of courseware-development approaches, four typical 
examples, that are derived from literature are characterised. These examples are 
summarized in Figure 8 . 1 . and clarified in subsequent paragraphs. 
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Courseware-development approaches 
user-developed courseware 
school-based courseware development 
developing experimental programs 
industrial courseware development 
Dimensions 1 2 3 4 
I Focus of development 
a) s i tuat ion specif ic 
b) generic X 
X X X 
II Expertise 
a) subject mat ter 
b) teachers as users 
c) so f tware development 
d) instruct ional design 
e) project management 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
III Reality of use 
a) use as developed 
b) adaptat ion 
c) user-developed 
X 
X 
X 
X X 
IV Process or product 
a) process 
b) product X x 
X X 
V Scale and ambi t ion 
a) large scale, high ambit ion 
b) small scale, high ambit ion 
c) large scale, l o w ambit ion 
d) small scale, l ow ambit ion 
X X 
X X 
Figure 8.1 The characterisation of several courseware-development approaches on 
the basis of the dimensions of courseware development 
The first example is that of industrial courseware development (Moonen, 1987, 1988, 
1989a). This type is externally based (generic). Expertise is obtained from the fields of 
project management, software development and instructional design. Industrial 
courseware development assumes courseware to be used as directed or used with 
limited adaptation (De Diana & De Vries, 1990; Moonen, 1989a). Industrial 
courseware development is generic: The product is to be used by many teachers in 
different schools. It is also product-oriented. This type of development is large-scaled 
and ambitious in the sense that it strives for many users and a sizeable courseware 
package of high technical and instructional quality. 
The second example is that of the development of experimental programs where 
specialized institutes develop new technological-innovative applications. These 
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applications show the opportunities of new information technologies (Moonen, 1987). 
This type usually is situation specific (although one hopes and strives for generic 
applicability). Expertise is mainly derived from the domains of software development 
and new technologies. Since it is exemplary courseware (Pike, 1984) the development 
assumes either that the courseware will be used as developed or that the exemplary 
courseware is imitated. This type of courseware development is focused at the 
development of experimental programs and thus product-oriented. It also is ambitious 
in the sense that new information-technology applications are developed. Such 
experimental projects require the application of the newest technologies and tend to 
be relatively expensive. To legitimize these expenses the projects are assumed to be 
relevant for different types of education. This makes these projects large-scaled. 
The third example is that of school-based development (often a technology enriched 
school, Collis & Carleer, 1992, 1993), where teachers wi th support of development 
experts develop their own courseware (Timmer, 1993) or develop applications within 
existing courseware (Beishuizen & Versteegh, 1993). Courseware development is 
situation specific. Expertise mainly comes from teachers as users and is combined 
wi th the expertise of the courseware-development experts, usually instructional-
design and software-development experts. The products are essentially user-
developed. Emphasis in these projects is on the use that teachers make of the 
developed applications and not on the applications themselves; emphasis is on 
process and not on product. These projects are small-scaled since the courseware is 
meant for use in the specific situation and not necessarily beyond that situation. 
These projects focus on practicality and not on technically ambitious goals. 
The fourth example is user-developed courseware (Maddux, 1992). This courseware 
development is situation specific. The expertise comes from teachers as users. 
Teachers will be practice oriented and focused on their subject. Next to the expertise 
of teachers as users, teachers will contribute their expertise on subject matter and 
teaching practice. The reality of use of the courseware is user-developed. Focus is on 
the teaching process of the teacher-developer. The teacher-developer will keep 
changing the courseware until its use is satisfactory. Time restrictions prevent this 
development to become large-scaled or ambitious. 
8.3.3 Situation analysis 
The preceding section (8.3.2) illustrated that different courseware development 
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approaches are possible and that these approaches can be characterised wi th the help 
of the five dimensions of courseware development. Situation analysis should yield the 
data that make tailoring of an approach to a specific situation possible. To render such 
an analysis, the type of analysis that is to be performed should be indicated and the 
different aspects of the situation that are to be analyzed should be named. In the 
analysis, the assessment of insecurity should be the central focus (Gilb, 1988; 
Lemmen & Punter, 1994). Insecurity in a situation determines to a large degree the 
need for a specific courseware-development approach and therefore the tailoring of 
such an approach. For example, the insecurity wi th respect to the type of problem 
may be large. It might be difficult to establish the exact needs and motives of the 
teachers involved, or the problem might be complex. In this situation, an approach is 
required that emphasises the reduction of this insecurity and that tries to analyze the 
problem and its context in dialogue with the prospective users. 
Aspects 
The search for use influencing factors in the chapters 4 and 5 is based on an analysis 
of courseware use in Dutch agricultural education. Chapter 2 presented the theoretical 
frame of reference for this analysis. This theoretical frame of reference pays attention 
to the needs and motives for the use of computers and courseware (section 2 . 2 . 1 , p. 
18). Also, section 2.2.1 pays attention to computers and the possible applications of 
computers in curriculum. These are the aspect of a situation that are related to the 
problems (confined in needs and motives for computer use) and possible solutions (the 
use of computers and courseware). This group of aspects should be considered in a 
situational analysis and is indicated by Lemmen and Punter (1994) as technology. 
The theoretical frame of reference elaborates on the actor-factor-decision model. By 
charting relevant actors and factors it is possible to map the decision regarding use or 
no-use of computers and courseware. The actors and their role in the organisations 
are important to consider. Lemmen and Punter (1994) name actors and organisations 
involved in problem and solutions as important. For courseware development, the 
directly involved actors and organisations should be considered: teachers and students 
that use the courseware, and the actors and organisations that develop the 
courseware. This distinction between directly involved actors and organisations and 
other actors and organisations leaves the surrounding organisation as a separate 
category of aspects to consider. 
The subsequent paragraphs will elaborate on the three groups of aspects that are 
important to consider in a situation analysis: 
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a) the group of the problems and possible solutions; 
b) the group of actors and organisations; 
c) the group of the surrounding organisation. 
Problems and solutions 
Lemmen and Punter (1994) indicate as first important aspect the technology to be 
applied. An approved and stable technology will yield little insecurity where a new 
technology can raise all kinds of risks and insecurities; such as whether a new type of 
software will run at the available hardware, and will be easily learned by teachers. 
Lemmen and Punter only mention technology as a situational aspect in relation to the 
problem to be dealt wi th and its possible solutions. Technology facilitates possible 
solutions; problems are also important to look at. Motives of users to actually use 
computers in curriculum confine the problems that teachers want to address when 
using computers. Possible motives are identified in section 2 .2 .1 . In the case of Dutch 
agricultural education t w o groups of motives are central: motives related to the 
integration of computing in curriculum (vocational and functional rationales), and 
motives related to the support of teaching and learning by computer use (pedagogical 
and catalytic rationales). Figure 8.2 gives an overview of the attributes, related to the 
problem and solution aspects of a specific situation. 
Problem and Stability Concord Complexity Available Available Degree of 
solution data expertise specification 
a) techno logy 1 ' 2 3 4 5 6 
b) learning and 7 8 9 10 11 12 
inst ruct ion 
c) comput ing in 13 14 15 16 17 18 
curr iculum 
1 Numbers in the cells are presented only to ease identi f icat ion of a specif ic cel l . 
Figure 8.2 Aspects and attributes of the problem situation to be analyzed in relation 
to courseware-development tailoring 
With respect to the three aspects of the problem and its possible solutions several 
attributes will determine the insecurity. The attribute of stability is already mentioned. 
Another attribute is the degree of accord among actors involved on the problem and 
among possible solutions. Disagreement creates insecurity. Complexity of the problem 
and complexity of the solutions contribute to insecurity too. In addition, Lemmen and 
Punter mention the availability of data, necessary to decide on technology issues. 
Moreover, the degree to which expertise is available, and the degree to which problem 
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and solution are specified are important to consider. Unavailable data, unavailable 
expertise and ill-specified problems all are sources of possible insecurity. 
Actors and organisations involved 
Lemmen and Punter (1994) name actors and organisations involved in the problem 
and its solution as important. For courseware development it concerns the actors and 
organisations that are directly involved in courseware development and use: the 
teachers and students that use the courseware and the organisation and actors that 
develop courseware (Figure 2.2, p. 23). Figure 8.3 gives an overview of relevant 
attributes of this category of situational aspects. 
Actors and Communication Complexity Diversity of interests User control 
organisations 
involved 1 ] 2 3 4 
1 Numbers in the cells are presented only to ease identi f icat ion of a specif ic cell. 
Figure 8.3 Aspects and attributes of the involved actors and organisations to be 
analyzed in relation to courseware-development tailoring 
With respect to the attributes of the actors and organisation involved in courseware 
development the communication is important (Lemmen & Punter, 1994). Poor 
communication between actors and organisations creates insecurity. Another attribute 
is the complexity of the organisation, since complex organisations enlarge insecurity. 
Next to complexity, according to Lemmen and Punter, conflicting interests add to 
insecurity in the situation. The diversity of interests, therefore, is an attribute to 
consider. A different attribute concerns the relation of the users to the problem and its 
solution. Do the teachers as users of the courseware control the problem situation or 
are they experiencing a lack of control? An experienced lack of control results in low 
teacher concern and involvement and, consequently, in insecurity for courseware 
development. 
Surrounding organisation 
The surrounding organisation refers to the actors and organisation that are not directly 
involved but that indirectly influence courseware development or use. It concerns the 
policy-making institutions, the inspectorate, community and business, education-
support services, teacher-training institutes, educational research, organisations for 
curriculum development and for development of instructional materials, and publishers 
(Figure 2.2). Several attributes wi th respect to the surrounding organisation are 
important to consider (Figure 8.4). 
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Surrounding 
organisation 
Stability Complexity Conflicting 
interests 
Resources for 
development 
Resources for 
use 
V 2 3 4 5 
1 Numbers in the cells are presented only t o ease identi f icat ion of a specif ic cel l . 
Figure 8.4 Aspects and attributes of the surrounding organisation to be analyzed in 
relation to courseware-development tailoring 
The surrounding organisation mainly is important in terns of facilitating courseware 
use and courseware development. Since the introduction of computers also represents 
a major innovation, facilitating use and development encompasses facilitating the 
innovation of introduction of computers in curriculum. The attributes of stability, 
complexity and conflicting interests need attention since these will determine the 
mentioned facilitation and also the insecurity wi th respect to use and development. 
Many of the facilitating measures shape and affect the resources for development and 
use. It is important to look at these attributes too. 
8.3.4 Contingencies between situation and approach 
The overviews in the Figures 8 . 1 , 8.2, 8.3 and 8.4 facilitate an indication of the 
contingencies between situation and approach. To describe these contingencies, the 
different aspects of the situation are reviewed. For each of the aspects of the 
situation and related attributes, relevant dimensions are examined. Reducing insecurity 
is an important consideration in the specification of contingencies between situation 
and approach. 
Not all dimensions will be contingent wi th a specific attribute of an aspect. For 
example, complexity regarding aspects of problems and solutions mainly are 
contingent wi th the means to cope with this complexity: the domains of expertise. In 
addition, this type of complexity is easier to handle in approaches with limited scale 
and ambition. The other dimensions (focus of development, reality of use, process or 
product) are hardly contingent wi th this type of complexity. 
Technology 
Table 8.1 lists the contingencies between the technology-related attributes in a 
situation and the relevant dimension of courseware-development approaches. The 
next paragraphs elaborate on these contingencies. 
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Table 8.1 List of contingencies between the technology-related attributes in a 
situation and the relevant dimensions of courseware-development approaches 
If in the situation with respect to technology then the approach is characterised by 
the technology is not stable 
the appl icat ion o f the technology is 
wide ly disputed 
the techno logy is complex 
the data for technology decisions are not 
available 
the expert ise to judge technology 
applications among teachers is not 
available 
the technology is i l l-specified 
sof tware-development expert ise, adaptat ion, 
product or ientat ion, l imited scale and ambit ion 
situation-specif ic development, so f tware-
development expertise and expert ise of 
teachers as users, process or ientat ion, 
innovation-project management 
sof tware-development expertise 
situation-specif ic development, so f tware -
development expertise 
situation-specif ic development, so f tware -
development expertise and expert ise o f 
teachers as users, courseware is meant to 
used as developed, small-scaled projects 
sof tware-development expert ise, small-scaled 
projects 
The technology in relation to courseware applications can be unstable. Examples are 
the obsolescence of computers, the lack of standardisation, and the frequent 
introduction of new technologies. This creates insecurity with respect to possible 
solutions. Diminishing this type of insecurity is possible by developing courseware 
products that are relatively technology independent: The courseware product should 
as much as possible be adaptable to the new technology, for example through 
compatibility of the courseware with different technologies and adaptability of the 
courseware to new generations of computers. This requires software-development 
expertise. In the attempt to develop technology independent courseware, the 
courseware development is largely product-oriented. The possible scale and ambition 
levels are limited and depend on the degree to which this technology independent 
courseware development is necessary and possible. 
A widely-argued technology will not be accepted by teachers on a large scale. 
Reaching accordance on the acceptability of the technology is required. Courseware 
development can contribute to this accordance by creating situation-specific examples 
of courseware. These examples inform teachers of the technology and its advantages 
and disadvantages. Software-development expertise and expertise of teachers as 
users are the most important types of expertise. The approach should be process-
oriented since it aims for accordance and not primarily on a specific product. Such 
process-oriented approaches require a specific expertise on the management of 
innovation projects. Situation-specific examples will contribute more to this 
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accordance than a single generic example. 
A complex technology implies that developing courseware requires software-
development expertise. When data for technology decisions are difficult to gather in a 
situation, the software-development expertise to gather and analyze these data needs 
to be present in the courseware-development approach. Data on a specific situation 
are less difficult to gather than data on a range of situations and situation specific 
courseware development is preferable. Some expertise needs to be present among 
teachers to judge courseware products. This expertise can be generated by the 
development and use of exemplary-courseware products, and by involving teachers in 
courseware development. This implies situation-specific development wi th two 
dominant areas of expertise: teachers as users and software development. The reality 
of use will be courseware that is used as developed. Since it is important that many 
teachers become acquainted wi th courseware, many small projects are preferred. An 
ill-specified technology needs specification. This can be achieved by means of small-
scaled experiments where software developers are trying to reach this specification. 
Teaching and learning 
Table 8.2 lists the contingencies between the teaching- and learning-related attributes 
in a situation and the relevant dimension of courseware development approaches. The 
next paragraphs elaborate on these contingencies. 
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Table 8.2 List of contingencies between the teaching- and learning-related attributes 
in a situation and the relevant dimensions of courseware-development approaches 
If in the situation with respect to teaching and then the approach is characterised by 
learning 
situation-specif ic development, subject-matter 
expertise and expertise of teachers as users, 
user-developed courseware, small scale and 
l o w ambit ion 
situation-specif ic development, subject-matter 
expert ise, expertise of teachers as users, 
innovation-project management , teacher-dr iven 
courseware, process-oriented development , 
small scale 
expert ise on instruct ional design, subject-
mat ter expertise and expertise of teachers as 
users, small scale and low ambit ion 
situation-specif ic development, expert ise on 
subject matter, expertise of teachers as users 
and expertise on instruct ional design 
situation-specif ic development, expert ise of 
teachers as users, instruct ional design 
expert ise, sof tware-development expert ise, 
small scale and low ambit ion 
the teaching and learning problem to be - expertise of teachers as users, instruct ional-
solved and its solut ion are i l l-specified, design expertise, small scale and l o w ambit ion 
An unstable curriculum content implies differences in this content over time and 
between situations. Likewise, an unstable teaching strategy results in differences in 
this strategy over time and between sites. To answer these differences, courseware 
development needs to highly flexible. It needs to be situation specific, and involve 
experts on curriculum content as well as expertise of teachers as users. Adaptable 
courseware might be sufficiently flexible, depending on the degree of stability of 
curriculum content and teaching strategies. Probably teacher-developed courseware 
will answer these differences best. Searching together wi th teachers for courseware 
applications that are relatively independent from curriculum content or teaching 
strategy, might also be considered. The required flexibility does not allow for large-
scaled and ambitious projects. 
When the concordance among teachers on the teaching and learning problem to be 
solved and/or its solution is low, insecurity in the courseware development process 
will be large. An increase in concordance will be a major goal of courseware 
development. This goal makes the courseware development process-oriented. This 
can be achieved by means of situation-specific discussions and iterative design and 
curr iculum content and/or teaching 
strategies are not stable 
the teaching and learning problem to be 
solved and/or i ts solut ion are wide ly 
disputed 
the complex i ty of the teaching and 
learning problem to be solved and/or i ts 
solut ion are high 
insuff ic ient data are available on the 
teaching and learning problem to be 
solved and i ts solut ion 
the expertise to judge problems and 
solutions w i t h respect to teaching and 
learning among teachers and courseware 
developers is not available 
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development of possible solutions. The close cooperation with teachers as users in 
this type of courseware development will make this approach user-developed. 
Subject-matter expertise and expertise of teachers as users will be needed. The 
situation specificity will make small-scaled development best. When high levels of 
ambition increase concordance, these high levels are preferable, else the level of 
ambition should be low to reduce insecurity. 
Where the complexity of the teaching and learning problem to be solved and/or the 
complexity of its solution are high, there is a need for a courseware-development 
approach that stresses the clarification of this problem and/or a careful development 
and design of the solution. Expertise on instructional design, subject-matter expertise 
and teachers as users will be the most important domains of expertise. Courseware 
development that is characterised by small scale and little ambition simplifies problem 
clarification as well as careful design and development. 
When the data necessary for deciding on the teaching- and learning-related design 
problems are hardly available and difficult to gather, courseware development should 
include procedures to collect these data. In these procedures expertise on subject 
matter, expertise of teachers as users and expertise on instructional design will be in 
demand. Such data are best gathered in specific situations. 
With respect to the unavailability of expertise on teaching and learning problems and 
possible solutions, a distinction can be made between teachers, that lack the 
expertise to judge possible solutions and courseware developers that lack the 
expertise to judge problems with respect to teaching and learning. An extensive 
cooperation between these two groups (i.e. the developers that embody expertise on 
instructional design and software development and the teachers that embody the 
expertise of teachers as users) will generate this type of expertise. Many small-scaled 
and situation-specific projects will be more efficient in generating the expertise among 
many teachers than a few large-scaled, generic projects. Projects wi th low ambition 
will generate less insecurity than ambitious projects. 
An ill-specified teaching and learning problem to be solved or an ill-specified solution 
both need specification before the courseware can be developed. This type of 
specification needs expertise of teachers as users as well as expertise on instructional 
design. Specification of problems and solutions probably is best achieved in specific 
situations on a small scale. High levels of ambition require high levels of specification. 
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Computing in curriculum 
The contingencies between the situational attributes wi th respect to computing in 
curriculum and the relevant dimension of courseware-development approaches are 
depicted in Table 8.3. These contingencies are explored in subsequent paragraphs. 
Table 8.3 List of contingencies between the attributes in a situation that are related 
to computing in curriculum and the relevant dimensions of courseware-development 
approaches 
If in the situation 
in curriculum 
with respect to computing then the approach is characterised by 
the curr iculum w i t h respect to 
comput ing is unstable 
the problems and/or solut ions w i t h 
respect to the integrat ion o f comput ing 
in curr iculum are widely disputed 
the complex i ty of the integrat ion of 
comput ing in curr iculum is high 
insuff icient data are available on the 
problems o f integrating comput ing in 
curr iculum 
the expert ise to judge problems and 
solutions w i t h respect to integrating 
comput ing in curr iculum among 
teachers and courseware developers is 
not available 
the problems and/or solut ions w i th 
respect t o the integrat ion of comput ing 
are i l l-specified 
subject-matter expertise and expertise of 
teachers as users, teacher-developed 
courseware, product-or iented development , 
small scale and low ambit ion 
situation-specif ic development, subject-matter 
expert ise, expertise of teachers as users, 
expertise on innovat ion-project management , 
teacher-developed courseware, process-
oriented development, small scale and l o w 
ambit ion 
subject-matter expertise (expertise on 
comput ing in the specif ic subject) and 
expertise on instruct ional design 
expertise on comput ing in the specif ic subject 
and instructional-design expertise 
expertise on comput ing in the specif ic subject , 
teacher-developed courseware, small scale 
situation-specif ic development, expertise on 
comput ing in the specif ic subject, expert ise on 
instruct ional design 
The first contingency with respect to computing in curriculum refers to the stability of 
the curriculum as far as computing is concerned. Such an unstable situation implies 
differences between sites and differences over time regarding the content of 
computing in curriculum. These differences create insecurity and the risk of failure of 
a specific courseware product. Since the domain of computing rapidly changes, it is 
plausible that this situation frequently occurs. Courseware development should 
respond to this situation and be flexible. Subject-matter expertise, that is expertise on 
computing in curriculum, is necessary for an adequate response as well as expertise 
of teachers as users. Courseware development that is teacher driven (resulting in 
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teacher-developed courseware), with a focus on relatively content-independent 
courseware solutions, is an approach that might prove valuable. Another approach 
might be a series of development projects that result in many different courseware 
products that are both small and experimental. The risk of failure of a product is 
spread over the many different projects. The required flexibility does not allow for 
large-scaled or ambitious projects. 
In situations where the problems and/or solutions with respect to the integration of 
computing in curriculum are widely disputed, courseware development needs to focus 
on an increase of concordance. Together wi th teachers one should strive for an 
agreement on the disputed items during the process of development. Teacher-driven 
and situation-specific development of possible courseware solutions seems most 
appropriate. Needed expertise includes subject-matter expertise as well as expertise of 
teachers as users. This approach is process-oriented and requires expertise on 
innovation-project management. Due to the insecurity that originates from the dispute, 
large-scaled and ambitious projects carry more risk than small-scaled projects that are 
low in ambition. However, occasionally an ambitious project might enlarge 
concordance. 
The complexity of the integration of computing in curriculum might be high, and 
situations that are characterised by this attribute require careful design and 
development that match this situation. Subject-matter expertise, that is the expertise 
on computing in the specific subject and expertise on instructional design are 
important here. 
Situations that are characterised by insufficient data on the problems of integrating 
computing in curriculum, require courseware-development procedures that address 
this lack of data. An analysis of the situation to explicate the desired data is needed. 
In this analysis expertise of computing issues and how to deal wi th these issues in 
curriculum (instructional-design expertise) is needed. 
When the expertise to judge problems and solutions with respect to integrating 
computing in curriculum among teachers and courseware developers is not available, 
this expertise should be created. The professional development of teachers should 
become part of the courseware-development approach. Teacher involvement in 
projects for courseware development that address the issues of computing in 
curriculum should be incorporated (teacher-driven development). Small courseware 
packages that address issues on computing in curriculum allow teachers to gain 
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experience in the use of these packages. The development of these packages requires 
expertise on computing in the relevant subject. Small-scaled development will be 
needed. 
Ill-specified problems and solutions wi th respect to the integration of computing need 
specification. The specification of problems and solutions requires expertise on 
computing in curriculum: expertise on the subject of computing and expertise on 
instructional design. It is likely that specification, especially in the initial stages, will 
vary between situations, which favours a situation-specific approach. 
Actors and organisations 
Table 8.4 presents the contingencies between the situational attributes that are 
related to actors and organisations and the relevant dimensions of courseware-
development approaches. The subsequent paragraphs elaborate on these 
contingencies. 
Table 8.4 List of contingencies between the actor- and organisation-related attributes 
in a situation and the relevant dimensions of courseware-development approaches 
If in the situation with respect to actors and then the approach is characterised by 
organisations involved 
the communica t ion is ineffect ive and not expertise o f teachers as users, l imited scale 
ef f ic ient and low ambit ion 
the complex i ty is high project-management expert ise, l imited scale 
there is much diversity in interests project-management expert ise, l imited scale 
and low ambit ion 
teachers feel they are not in control expertise of teachers as users, teacher-
developed courseware 
Deficient communication in a situation is possible among teachers as prospective 
users, and between teachers and developers. The problem of communication within a 
courseware development project (section 2.3.2, p. 39) is not at issue since this 
problem is not related to situational aspects or attributes. Deficient communication 
can be addressed by means of standardisation efforts and by allowing for a period in 
which both parties involved may get used to each other. This implies a type of 
learning period for both teachers and developers. Intensive teacher involvement is 
necessary when the approach of courseware development must lead to an improved 
communication. Deficient communication also presents a problematic condition for a 
courseware-development project. Any activity that involves teachers needs to 
anticipate this restraint. Such activities include dissemination efforts. Expertise of 
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teachers as users is required to judge the influence of the deficient communication 
and to cope with this restraint. Large-scale and ambitious projects in this type of 
situation that largely depend on teacher involvement, carry a serious risk of failure. 
A complex group of actors and organisations involved creates insecurity wi th respect 
to roles and responsibilities. Project-management expertise is needed to cope with this 
situation. This type of situation limits the scale of the project. 
Situations that are characterised by much diversity in interests among the directly-
involved actors and organisations present difficult conditions for courseware-
development projects. During the projects, the interpretation of assignments may be 
altered and priorities may shift. This situation is an obvious source of insecurity and 
requires project-management expertise, necessary to remind the participants of 
courseware-development goals and earlier agreements. A clear project description that 
is based on common interests is a prerequisite. Another approach is to evade the 
areas of diverse interests and abandon the goals that are related to these areas. This 
strategy implies a reduction in ambition. Reducing the numbers of parties involved 
also might lead to a reduction of diversity in interests and likewise results in a limited 
scale and a low ambition level of courseware development. 
Situations where teachers feel they lack control over the problem and its solution, 
present difficulties for courseware development. Teachers will have low expectations 
on the courseware as a contribution to solving their problems. They will be difficult to 
involve in courseware development, which will raise insecurity in courseware 
development. Increasing teacher's control will be a goal of courseware development: 
Teachers need to expect that courseware is a useful tool in addressing problems 
teachers perceive. Courseware development needs to address teacher's needs which 
requires expertise on teachers as users. Teacher involvement needs to be increased to 
an extent where the courseware is teacher-developed. 
Surrounding organisation 
Table 8.5 lists the contingencies between the surrounding organisation-related 
attributes in a situation and the relevant dimension of courseware-development 
approaches. The next paragraphs elaborate on these contingencies. 
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Table 8.5 List of contingencies between the surrounding organisation-related 
attributes in a situation and the relevant dimensions of courseware-development 
approaches 
If in the situation with respect to the 
surrounding organisation 
then the approach is characterised by 
the stabi l i ty is l ow 
the complex i ty is high 
the diversi ty of interests is large 
insuff ic ient resources for development 
are available 
insuff ic ient resources fo r the use of the 
agreed solut ion are available 
project-management expert ise, small scale 
project-management expert ise 
situation-specif ic development, project-
management expert ise, small scale and low 
ambit ion 
project-management expertise and expertise of 
teachers as users 
project-management expertise and expert ise o f 
teachers as users 
An unstable surrounding organisation composes a threat to the continuity of 
courseware-development projects since priorities easily shift. In such a situation the 
project management should mind this continuity, for example by negotiating block-
grant funding for complete projects. Project-management expertise is required. Small-
scaled projects are less hazardous than large-scaled projects. 
Complexity in a surrounding organisation presents insecurity for courseware 
development since relations with the actors that are directly involved in courseware 
development are indistinct. This situation requires project-management expertise to 
deal wi th. 
Diversity in interests in the surrounding organisation often runs parallel to instability. 
During the projects, assignments may be altered and priorities may shift. This 
situation is an obvious source of insecurity and requires project management 
expertise, necessary to negotiate clear project conditions, that are based on common 
interests. Another approach is to evade the areas of diverse interests and restrict 
project goals to the goals that match common interests. This strategy implies a 
reduction in ambition. Reducing the numbers of parties involved also might lead to a 
reduction of diversity in interests and results in a limited scale of the courseware 
development. Situation-specific projects are more likely to match a specific group of 
common interests than generic projects. Examples of courseware-development 
projects or courseware products that represent presumed common interests might on 
the long term lead to a decreasing diversity of interests. 
In a situation, where the surrounding organisation fails to secure sufficient resources. 
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either for the development or for the use of the agreed solution, courseware 
development becomes hazardous. Two strategies are conceivable: trying to acquire 
sufficient resources or matching the courseware development to available resources. 
Frequently the former strategy is not practicable because courseware-development 
organisations fail the opportunities to adequately influence the surrounding 
organisation in this respect. The latter strategy requires project-management expertise 
and expertise of teachers as users. 
Hardly-mentioned courseware-development characteristics 
In the contingencies, mentioned in the preceding paragraphs, several approach 
characteristics are hardly mentioned: 
a) generic development; 
b) software-development expertise; 
c) instructional-design expertise; 
d) large scale and high ambition. 
The explanation of this phenomenon for software-development expertise and 
instructional-design expertise is that these characteristics do not diminish the 
insecurity that originates from the situation in which the courseware is developed and 
will be used. The generic-development characteristic and the large scale and high 
ambition characteristic in many situations will increase insecurity. These courseware-
development characteristics require specific situational conditions wi th little inherent 
insecurity. 
8.3.5 Tailoring courseware development 
With the description of the instruments, as put forward in the previous sections, a 
procedure is shaped for the tailoring of courseware development: 
a) analyze a situation; 
b) determine contingencies between situation and courseware development 
approach; 
c) tailor a coherent courseware-development approach. 
One of the difficulties in this procedure is the relative weight of the different 
situational aspects and attributes, and the weight that is given to a characteristic of 
courseware-development approach. Moreover, some of the characteristics may be 
contradictory. Consequently, the tailoring process is not solely the result of the added 
contingencies but also the outcome of prioritizing different characteristics. When 
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prioritizing these characteristics it is important to keep in mind that the resulting 
approach should be coherent and practical. The next section presents the results of 
this procedure for courseware development for agricultural education. 
8.4 Ecological courseware development for agricultural education 
Section 8.2 reviews the results of the description and analysis of courseware 
development for Dutch agricultural education. With the help of the procedure for 
tailoring courseware development, as presented in the previous section (8.3), these 
results allow for the intended situation analysis. 
8.4.1 Situation analysis and contingencies 
In order to describe a tailored courseware-development approach for agricultural 
education, the results of the situation analysis are described and the contingencies 
between the situation and the dimensions of courseware development are established. 
Problem and solution 
The understanding of the situation of Dutch agricultural education in the Netherlands 
yields the following picture of the teaching tasks and problems, related to 
disappointing use. Teachers perform difficult mental and creative tasks, trying to 
initiate, support and improve student learning. They do so in continuous changing 
conditions, wi th invariably a new group of students and with transforming learning 
objectives (Figure 5 . 1 , p. 120). There is agreement on the need of integrating 
agricultural computing in the curriculum, but insecurity and disagreement on how to 
achieve this integration. There is inconsistency between the tasks of the teachers and 
the instruments (courseware) that should support these tasks. This inconsistency is 
illustrated by the reported time shortage. The problem of the inflexible curriculum both 
points at a problem in the design of the work teachers need to perform (that is laid 
down in the formal curriculum) and the design of the tool that should support the 
work. The problems mentioned by different teachers in chapter 4 (Figure 4.3, p. 88) 
mainly relate to the gearing of the courseware to their work and not to problems of 
user-interface deficiency. The use-influencing factors that are reported in Figures 4.5 
and 5.1 are mainly related to dilemmas of work design and the design of instruments 
to support this work. 
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Consequently, in courseware development for agricultural education, the problems are 
not technology-based, but have to do with the integration of computing in the 
agricultural curriculum and with improving learning and instruction. The agricultural 
curriculum is not stable. The changes in agricultural practice, the introduction of the 
structure of qualification, as well as the integration of computing necessitate changes 
in curriculum as well as in teaching strategies. This is reflected in the differences 
between schools wi th respect to the subject matter taught. There is agreement on the 
importance of integrating computing in agricultural education, and on the importance 
of using computers to improve teaching and learning. In this sense, there is agreement 
on the type of problems. However, teachers differ in the way they define the 
problems in learning and instruction that need improvement. There is no genera) 
specification of, nor approvement on the solution of these problems. 
Complexity as well as the availability of the data on problem and solution largely 
depend on the type of subject matter area that is selected. In some areas these 
attributes can cause serious problems. Subject matter areas with affinity to the use of 
computers in agriculture yield the most promising results. Available expertise among 
teachers and courseware developers is a problem, mainly wi th respect to the 
possibilities of computers to improve teaching and learning and with respect of 
teaching strategies that integrate computing in agricultural education. 
Minimizing insecurity is necessary. The curriculum content, specifically wi th respect 
to agricultural computing, is not stable and differs between schools. Teaching 
strategies are volatile, due to the introduction of the structure of qualifications. There 
is no agreement on the type of problems in relation to learning and instruction that 
can be solved by means of using computers nor is there a general specification of the 
types of solutions that f i t these problems. The expertise to judge the relevant 
problems appears to be absent and the specification of the problems does not allow 
for generic development. Following the suggestions in the preceding sections results 
in situation-specific courseware development. Expertise should include all 
distinguished areas of expertise: subject-matter experts (including expertise of 
computing in the specific subject), expertise of teachers as users, expertise of 
instructional design, expertise of software development and expertise of innovation 
project management. With respect to the dimension of process and product a seeming 
contradiction is present. Due to the instability of computing in curriculum the 
development of small experimental products is suggested. Also process-oriented 
development is suggested to dissolve disputes on the integration of computing in 
curriculum or on aspects of teaching and learning. A combination between these two 
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suggestions is very well possible in the form of small-scaled projects that focus on 
experimental products. Teacher-driven courseware development is required since the 
curriculum is unstable and since there is little approvement on solutions among 
colleagues. Scale needs to be limited and ambition needs to be low. This limited scale 
possibly in conflict wi th the many suggested fields of expertise that need to 
contribute; the limited ambition might lead to a lack of enthusiasm among teachers. 
Actors and organisations involved 
The actors and organisations involved were studied in chapter 6. Communication 
between the actors involved appeared problematic, largely due to the differences 
between courseware developers and teachers. However, as exhibited in chapter 6, 
communication improved after a period of cooperation between teachers and 
developers. The organisation of the project team was relative simple and in the 
courseware development projects there were no dominant differences in interests. 
The establishing of the assignment for courseware development was complex, with 
little user-control involved. Users indicated (chapter 4) that they had little direct 
control over the courseware development. 
The combination of designers and a limited number of teachers in a courseware 
development project apparently yields results when the teachers are available for a 
sufficient period of time so they can profit from their increasing expertise on 
courseware use and development. Small-scaled and situation-specific projects seem 
most promising, as well as teacher-driven development. 
Surrounding organisation 
The surrounding organisation was investigated in chapter 7. This organisation clearly 
was instable and complex. The complexity and instability largely originated from the 
concentration of agricultural education in AOCs, from the implementation of the 
structure of qualifications and from the restructuring of the educational support 
system. Since many organisational entities functioned both in bid and new structures 
and were in the process of establishing new positions, the organisation also was 
complex and abound wi th conflicting interests. Conflicting interests arose between 
teachers, parties that represented policy-making institutions, the organisations for 
curriculum-materials development, and the organisation for courseware development. 
This instability and the conflicting interest are manifest in the difficulties that 
surrounded the assignments for the courseware development projects (chapter 6). 
Specific resources for development and for use appeared problematic. It concerns the 
availability of expertise of teachers and the time of teachers to adopt the courseware. 
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In this situation reducing insecurity is necessary and small-scaled, situation-specific 
courseware development is appropriate, since these small-scaled projects arouse less 
interest than large-scale projects. There is a need for project-management expertise in 
these projects to negotiate clear project assignments and the accompanying 
resources. These resources need to be provided on a contractual basis. Also, there is 
a need for the expertise on teachers as users to transpose teacher's needs to interests 
that are relevant to the surrounding organisations. 
8.4.2 A tailored approach of courseware development for Dutch agricultural 
education 
The previous section (8.4.1) outlined the different approach characteristics that are 
the result of the determined contingencies. These characteristics need to be combined 
into a coherent and practicable approach. Table 8.6 gives an overview of this 
approach in comparison wi th the approach as established in the study on the process 
of courseware development (section 6.4.3, p. 155). Subsequent paragraphs explain 
this table. 
Table 8.6 Tailoring a courseware-development approach for Dutch agricultural 
education 
Dimensions from ro 
1 Focus of development generic development si tuat ion specif ic development 
II Expertise related to subject matter, so f tware subject mat ter , teachers as users. 
development and project-management and educational-
instructional design innovat ion, instruct ional design 
III Reality o f use adaptat ion teacher-developed 
IV Process or product product process 
V Scale and ambit ion small scale, high ambit ion small scale, high ambit ion 
The study in chapter 6 shows the courseware development for agricultural education 
to be generic. However, many situation characteristics (section 8.4.1) prescribe a 
situation-specific approach. Teacher's needs with respect to integrating computing in 
the agricultural curriculum and with respect to the problems of teaching and learning 
in the diverse teaching situations should be addressed. Teacher's work should be 
redesigned in cooperation wi th teachers in order to address these needs. This requires 
a shift from generic development to situation specific development. 
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Chapter 6 indicated that the expertise, emphasized in courseware development for 
Dutch agricultural education, is a combination of subject-matter expertise, and 
expertise of instructional design and software development. The situation 
characteristics prescribe all distinguished areas of expertise: subject-matter experts 
(including expertise on computing in the specific subject), expertise of teachers as 
users, expertise on instructional design, expertise of software development and 
expertise on innovation project management. Prioritizing the areas of expertise is 
necessary. Since the reality of use should be user-developed, the expertise of teachers 
as users is absolutely necessary and is best delivered by a teacher that has many 
contacts wi th colleagues. Since the development should be small-scaled, it is not wise 
to allow for large project teams. Next to the teachers a project manager is required 
since the development should address a situation with little concordance, and the 
development should take place in a surrounding organisation that contains conflicting 
interests. In addition a general courseware-development expert should complete the 
team. This expert should command mainly instructional-design expertise, since the 
situation asks for specification of teacher problems and solutions in relation to 
integrating computing in curriculum and to teaching and learning. Preferably this 
expert is part of a professional organisation for courseware development and has 
access to other experts in these areas as well as to experts in other relevant areas. 
The reality of use of the courseware development in the case study in chapter 6 was 
use of courseware that allows for adaptation. However, the situation demands 
teacher-developed courseware: Teachers perceive little control and need to become 
involved in courseware development. Also, teacher-driven development is a means to 
improve teacher learning with respect to integrating computing in the agricultural 
curriculum, and wi th respect to using computers in teaching and learning. Teacher-
driven courseware development (resulting in teacher-developed courseware) is 
consistent wi th situation-specific development, supported by a project manager and a 
courseware-development expert that are accommodated in a professional organisation 
for courseware development. 
Courseware products are central in the courseware development as studied in chapter 
6. The situation requests process-oriented development: The result of the 
development should be satisfying use. Focus should be on, next to courseware 
development, increasing teacher expertise and generating approvement on the use of 
computers to integrate computing in the agricultural curriculum and to improve 
teaching and learning. A shift from a product to a process approach is necessary. 
TOWARDS A N ECOLOGICAL APPROACH 2 3 7 
The scale of the courseware-development projects in agricultural education, as 
described in chapter 6, is relatively small, due to the low budgets of the different 
projects. The goals of these projects are often arduous: The ambition is high. In the 
previous section a combination of small-scaled projects wi th low ambition is advised. 
This combination also suits the characterisation of the situation: small, situation-
specific development projects. However, the teachers need to be challenged to 
embark on the use of computers and courseware. This necessitates ambitious 
courseware development. Small scale and high ambition can be combined in 
evolutionary courseware development where the different small-scaled projects wi th 
restricted ambitions are placed in series of consecutive projects that can achieve 
ambitious results. 
When these projects are mainly school-based, and resources are contractually 
furnished, there is less influence from policy making institutions. This makes these 
projects less vulnerable for the conflicting interests in the surrounding organisations. 
In addition, school-based development puts three parties central in courseware 
development: teachers, schools and supporting designers. Professional development 
wi th respect to the following issues is vital: 
a) increasing teacher expertise on using computers in curriculum and on integrating 
agricultural computing in the curriculum through teacher involvement; 
b) the embedding of small-scaled short-term projects with limited ambition in an 
evolutionary courseware development; 
c) courseware development as a combination of tool design and work design. 
Research, focused on increasing the professional expertise of the three parties 
involved, wil l help to strengthen this professional development (Beishuizen & Moonen, 
1993). 
It wil l be difficult to embed this development in an evolutionary approach since due to 
the insecurity wi th respect to for example the long term goals of the implementation 
of the qualification structure, long term goals of using and developing courseware are 
difficult to establish. These goals should not only fit present agricultural-education 
policy but above all appeal to the actors involved in courseware development and 
prospective users. It is very well possible that such long term goals are easier to 
establish when they concur wi th school-policy goals than when they fit national-policy 
goals. 
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8.4.3 Ecological approach 
The coherent approach, as outlined in the previous section, can be called ecological 
since ecological insights offer instructive analogies. These insights are the following. 
The eventual use of courseware is largely determined by the context in which the 
courseware is used and not predominantly by the courseware itself. The courseware 
can present a wide range of technological possibilities, the context will select the 
viable ones. Its ecological analogy is the insight that microbial species in theory are 
omnipresent and that environmental conditions determine the flourishing of a specific 
species. As phrased by Baas Becking (1934): "Alles is overal, het milieu selecteert" 
(everything is everywhere, environment selects). Characterising courseware that will 
be used implies characterising the context in which it will be used. In ecology the 
analogous insight is embodied in the concept of niche. Characterising a species 
implies characterising its niche: the set of environmental conditions that best suit the 
specific species. 
These insights are in line with the plea for an ecological approach to software 
development (Woods & Roth, 1988) and of courseware development (Verpoorten, 
1994). Probably the most dominant paradigm in instructional development (Andrews 
& Goodson, 1980; Gustafson, 1991) as well as in software engineering (Bannon, 
1986) is the system approach. Users are seen as functional entities wi th specified 
tasks. Automating these tasks also implies minimizing human error and reducing users 
to machine operators (Adler & Winograd, 1992; Bannon, 1986, 1991). However, 
teaching is too complex to be approached as a system in which teachers have 
specified tasks (Fullan, 1 9 9 1 ; Huberman, 1983). Teachers are managers of 
complicated situation- and learner-specific processes. In teaching, irregularities 
outnumber regularities. Teachers most often do not need machines that relieve them 
from a specific task. They need tools or instruments (i.e. curriculum materials) that 
improve on their creative and intellectual abilities to enhance complicated learning 
processes. Developing courseware implies developing tools or instruments for 
teachers to improve the complex situation- and learner-specific processes in the 
classroom. An ecological approach probably is more likely to result in courseware that 
wil l be used than a systems design approach (Bronfenbrenner, 1977; Gibbs, 1979; 
Shulmann, 1986). 
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8.4.4 Implications for courseware development 
The central issue in this thesis is Dutch agricultural education. Most of the data, on 
which the conclusions are based, originate from the 1989-1992 period. Section 8.2.4 
indicates the results to be relevant to present courseware development for Dutch 
agricultural education. Reflecting on the implications of this thesis for courseware 
development in general, requires a judgement of the applicability of the findings in this 
thesis for general education, in addition, courseware-related technology evolved in the 
past years. The subsequent review of salient differences and similarities between 
agricultural education and general-secondary education as well as a review of relevant 
technological developments, yields a judgement on the implications for courseware 
development in general. 
Problems of disappointing use 
The problems of disappointing computer use, both in quantity as in quality are not 
restricted to agricultural education (Becker 1994; Pelgrum et a!., 1993). It is likely 
that there are differences in the definition of adequate computer use in agricultural 
and in general education. In general education this definition probably will be 
determined by the functional, pedagogical and catalytic rationales for computer use 
whereas in agricultural education the vocational rationale also will contribute to this 
definition. In an attempt by Becker (1994) to assess the quality of computer use in 
general education, the measure of quality depends on the goals and frequency of 
computer use, student activities, use in specific content areas, and for specific 
teaching approaches. The standards differed per subject and between elementary and 
secondary education. Apparently, the desired quality of computer use is, at least to a 
certain extent, situation specific. 
Teaching task 
There are profound differences in teaching tasks between general and vocational 
education. The students are different. For example, in vocational education student's 
motivation is different from the motivation of their colleagues in general education. In 
addition, the vocational curriculum is more practice oriented and the attainment 
targets are less specified than in general education. Nevertheless, when looking at the 
problems of teachers when dealing wi th innovations there appear to be similarities. 
Fullan (1994b) describes several problems that prevent teachers from dealing 
effectively wi th innovations: overload, isolation and uncertainty. These problems are 
also present among teachers in agricultural education (chapters 4 and 5). 
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Both teachers in agricultural education and in general education will be looking for 
materials that motivate students and give students opportunities to exercise and learn. 
They do so within a specific situation, that is characterised by many variables. As 
pointed out in chapter 5, in agricultural education differences between situations are 
large. In general education the variables may be different; the large differences 
between situations also can be observed. 
Organisation of courseware development 
Probably the largest difference between materials development for agricultural 
education and that for general education is absence of publishers that play an 
important role in materials development. In agricultural education curriculum-materials 
development is heavily subsidised. There is hardly a market for publishers of printed 
materials and consequently little is expected from publishers wi th regard of 
courseware development. In general education the publishers are presumed to play an 
important role, however, they appear hardly eager to realise their expected 
contribution to courseware development (Moonen & Kommers, 1995). 
Changes in computers and information technology 
In the period 1992-1996 computers grow more powerful. Available multi-media 
technology becomes integrated part of many PCs. The large scale introduction of the 
Windows 1" 1 operating system and the built in user interface results in an increased 
standardisation of a user interface that is relatively easy to use and easy to learn. This 
enlarges the ease of use and ease of learning of the computer applications that 
employ this operating system and user interface. The developments of the user 
interface of internet allow for easy access to the information available on internet, in 
particular through the World-wide web (WWW). In addition, these developments 
increasingly allow for other uses than providing and withdrawing information, such as 
interpersonal communication and conferencing, learning support and simulation. There 
is an increased supply of tools that assist and ease the authoring of the computer 
software that allows for these uses. In short, technological possibilities increasingly 
make the design of individualized teaching and learning tools possible. Much of the 
software development expertise that was necessary to design and develop usable 
systems is integrated in present available technology. 
Tailoring courseware development and an ecological approach 
Looking at the similarities in the problems of disappointing use, and the differences 
and similarities between both educational systems it is plausible that the suggested 
tailoring of courseware development to specific teaching and learning situations will 
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yield the ecological approach that helps to increase use in practice. Moreover the 
technology increasingly provides the tools to design individualized-teaching 
instruments and individualized-learning support. It is likely that these tools create a 
need for ecological courseware development. 
8.4.5 In conclusion 
The disappointing use of computers and courseware in Dutch agricultural education is 
the central problem of this thesis. The point of view used in the present study is that 
of the importance of increase-use-in-practice (Collis & Verwijs, 1995b). From this 
point of view, both the use of courseware and courseware development are studied, 
which yields an overview of factors that influence use in practice as well a list of 
prescriptions for courseware development that presumably will increase use in 
practice. In a retrospection, this last chapter outlines methodological insights that are 
confined in this list of prescriptions. It is concluded that, in order to increase use in 
practice, the method of courseware development needs to be tailored to the specific 
context in which courseware is developed. This process of tailoring is applied to 
Dutch agricultural education, resulting in an ecological approach of courseware 
development. This ecological approach probably also can contribute to addressing the 
problems of disappointing use of courseware in general education. The subsequent 
challenging and practical step in the spiral research approach of Collis et al. (1993) is 
to test the ecological approach in courseware-development practice. This step is 
challenging because the approach involves assisting teachers in the redesign of their 
teaching tasks and it involves developing the tools that enlarge teacher's intellectual 
abilities to execute these tasks. It is practical since the increased opportunities of 
information and communication technology in the Internet and W W W environment 
offer the technological resources to create these tools. In this test, the ecological 
approach can be evaluated wi th respect to its contribution to increased-use-in-
practice. 
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SAMENVATTING 
Gebruiksgerichte courseware ontwikkeling voor het agrarisch onderwijs: Een 
ecologische benadering 
In dit proefschrift staat centraal het probleem van tegenvallend gebruik van computers 
en courseware in het Nederlandse agrarisch onderwijs. In een viertal case studies 
betreffende courseware ontwikkeling in het agrarisch onderwijs wordt dit probleem 
nader onderzocht. 
Het probleem van tegenvallend gebruik beperkt zieh niet tot deze onderwijssector, 
maar komt algemeen voor. Computergebruik in het onderwijs wordt beïnvloed door 
een ingewikkeld geheel van factoren. Onderzoek van deze factoren heeft to t op heden 
niet geleid tot het vaststellen van één of enkele factoren die dit gebruik verklaren. 
Hoewel de kwaliteit van courseware niet als de enige bepalende factor kan worden 
opgevat, wordt deze in de literatuur wel als één van de meer belangrijke factoren 
genoemd. 
In het verleden is veel aandacht besteed aan het ontwikkelen van kwalitatief 
verantwoorde courseware. Hiervoor zijn veel verschillende voorschriften opgesteld. 
Deze hebben echter niet geleid tot een onmiskenbare toename van het gebruik van 
courseware. De centrale vraag van dit proefschrift luidt daarom: Hoe moet courseware 
ontwikkeld worden zodat deze door docenten in de praktijk van het agrarisch 
onderwijs in toenemende mate zal worden gebruikt? Deze vraag wordt in het 
proefschrift beantwoord in de vorm van: 
a) voorschriften voor gebruiksgerichte courseware ontwikkeling; 
b) inzichten met betrekking tot de méthodologie van courseware ontwikkeling. 
Hoofdstuk 7 definieert enkele begrippen die bij onvoldoende omlijning tot verwarring 
kunnen leiden. Het betreft de begrippen courseware, kwaliteit van courseware, 
computers in het curriculum, curriculair gebruik van computers en courseware, en 
agrarisch curriculum. Vervolgens vindt afbakening van het probleem plaats ten aanzien 
van: 
a) factoren die het gebruik van computers en courseware beinvloeden; 
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b) voorschriften voor courseware ontwikkeling die het gebruik van courseware 
kunnen doen toenemen. 
De veronderstelling is dat voorschriften opgesteld kunnen worden die met de bedoelde 
factoren rekening houden en zo het gebruik van courseware in de praktijk kunnen 
bevorderen. 
Een knelpunt bij de toepassing van voorschriften in courseware ontwikkeling is, dat de 
voorschriften lastig te vinden zijn (er zijn vele en veelsoortige voorschriften) en dat ze 
dikwijls te specifiek of juist te algemeen zijn. In de literatuur over courseware 
ontwikkeling en over software engineering worden verschillende oplossingen 
voorgesteld om dit knelpunt te ondervangen. De voorgestelde oplossingen hebben 
gemeen dat de methodologie van courseware ontwikkeling in het geding is: het 
systematisch omgaan met vragen naar hoe een methode voor courseware 
ontwikkeling moet worden ingericht. Deze vragen betreffen o.m. het doel en de 
functies van de courseware ontwikkeling, de rol van de toekomstige gebruikers en de 
betekenis van voorschriften en van expertise. Tot slot besteedt dit hoofdstuk 
aandacht aan de basisgedachte van waaruit het onderzoek heeft plaatsgevonden: het 
verrichten van beschrijvende, inzichtgevende en verklärende case studies. 
Hoofdstuk 2 schetst het theoretisch raamwerk van waaruit deze beschrijving, het 
verwerven van inzicht en de verklaring plaatsvindt. De invoering van computers wordt 
geschetst als een belangrijke onderwijsvernieuwing die vooral het curriculum betreft. 
Een actor-factor-bes/issing model met de docent als centrale actor wordt gebruikt om 
deze invoering te beschrijven. Het hoofdstuk ontleent vijf dimensies aan de literatuur 
over curriculum- en onderwijsvernieuwing, die bruikbaar blijken om verschillende 
benaderingen van courseware ontwikkeling te karakteriseren. 
Dit hoofdstuk biedt vervolgens een beschrijvend raamwerk voor courseware 
ontwikkeling dat bestaat uit perspectieven voor deze ontwikkeling, uit activiteiten en 
volgorde van activiteiten hierbinnen, uit rollen, voorzieningen en tussenprodukten. Op 
grond van beschikbare literatuur worden knelpunten besproken. Problematisch binnen 
courseware ontwikkeling blijkt de vraag wie de courseware ontwikkelt: professionele 
ontwikkelaars of gebruikers. Omdat veel disciplines kunnen bijdragen aan courseware 
ontwikkeling vormen de selectie en de rol van expertise in courseware ontwikkeling 
een knelpunt. Verder leidt gebrekkige communicatie tussen verschillende betrokkenen 
dikwijls tot moeilijkheden. En ondanks herhaalde pleidooien voor formatieve en 
summatieve evaluatie wordt evaluatie onvoldoende toegepast. Ook geeft dit 
hoofdstuk een aantal kwaliteitskenmerken van courseware waarvan aannemelijk is dat 
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ze het gebruik van de courseware bevorderen. 
Binnen de informatica houdt de software engineering, en dan met name het onderdeel 
waarin de mens-computer interactie {Human-computer interaction, HCl) centraal staat, 
zieh onder meer met het probleem van tegenvallend gebruik bezig. Twee verschillende 
benaderingen worden onderscheiden. In de usability engineering gaat men ervan uit 
dat het probleem vooral is toe te schrijven aan de gebruikers interface: het gedeelte 
van het computersysteem waarmee de mens in contact komt en waarmee de mens 
het systeem aanstuurt. Het ontwikkelen van effectieve en efficiente gebruikers 
interfaces staat centraal in de usability engineering. Een andere benadering, de 
cognitive tool design, herleidt het probleem tot onvoldoende overeenstemming tussen 
enerzijds de taken die mensen moeten verrichten met het systeem, en anderzijds de 
wezenlijke functies van het computer systeem. Om een betere overeenstemming te 
bereiken moeten de door mensen uit te voeren taken én de functies van het 
computersysteem in het ontwerpproces worden betrokken. In deze benadering omvat 
het ontwikkelen van software dus tevens het herontwerpen van de taken die door de 
software worden ondersteund. 
Hoofdstuk 3 geeft een kort overzicht van het domein waarop het onderzoek 
betrekking heeft: het Nederlandse agrarisch onderwijs en de courseware ontwikkeling 
die hier in de période van 1989 - 1992 plaatsvond. 
Hoofdstuk 4 bespreekt de uitvoering en resultaten van een enquête onder docenten 
van beroepsgerichte vakken in het middelbaar agrarisch onderwijs inzake het gebruik 
van computers en courseware. De vraag die centraal staat is: Welke factoren 
be'invloeden, volgens docenten in de agrarische onderwijspraktijk, het gebruik van 
computers, en welke voorschriften kunnen op basis van deze factoren worden 
geformuleerd? 
Een van de belangrijkste beïnvloedende factoren blijkt het vak waarin de docenten 
lesgeven. Bepaalde vakken laten een duidelijk hoger computergebruik zien dan andere. 
Ook de tijd die docenten beschikbaar hebben voor het ontwikkelen van lessen waarin 
computers gebruikt worden is een factor van belang. Verder houdt een aantal factoren 
verband met de behoeften van docenten. Deze behoeften concentreren zieh op de 
wens van docenten om Studenten voor te bereiden op een geïnformatiseerde 
agrarische praktijk en op de wens om computers te benutten om hun lesgeven te 
verbeteren en verrijken. Docenten zijn weliswaar betrokken bij courseware 
ontwikkeling, maar zij verwachten weinig van die ontwikkeling: docenten lijken er 
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geen greep op te hebben. Er is meer courseware beschikbaar dan door docenten 
wordt waargenomen. Volgens de docenten is de courseware die zij kennen of 
gebruiken op een aantal punten voor verbetering vatbaar. Bovendien blijkt dat de 
school zelf een belangrijke factor is. Sommige, maar lang niet alle, factoren die binnen 
de school het gebruik befnvloeden, kunnen op grond van dit onderzoek worden 
benoemd. De moeite die docenten moeten doen om courseware te gebruiken, is ook 
belangrijk. Dit aspect is terug te vinden in factoren als de beschikbare tijd voor de 
ontwikkeling van instructie waarin courseware is opgenomen, en het gebruiksgemak 
en de beschikbaarheid van de courseware. 
Op basis van de onderkende factoren presenteert hoofdstuk 4 een tabel van 
voorschriften die vermoedelijk het gebruik bevorderen. Deze voorschriften passen in 
drie categorieen: 
a) courseware dient in behoeften van docenten te voorzien; 
b) courseware dient de kosten van het gebruik te minimaliseren; 
c) courseware ontwikkeling dient aangepast te zijn aan het leerproces bij docenten 
(professionalisering) tijdens de invoering van computers. 
Hoofdstuk 5 doet verslag van vijf interviews met docenten in het lager en middelbaar 
agrarisch onderwijs. Deze vijf docenten vertegenwoordigen vijf specif/eke situaties 
waarin het gebruik van computers overwogen wordt. Ook hier Staat de vraag naar 
factoren die het gebruik befnvloeden en naar de voorschriften, die op basis van 
dergelijke factoren kunnen worden geformuleerd, centraal. 
Het hoofdstuk preciseert op basis van de vijf beschreven situaties het voorlopige, in 
hoofdstuk 4 beschreven overzicht van factoren en breidt het verder uit. De 
geTnterviewde docenten blijken de voorbereiding van Studenten op de agrarische 
praktijk belangrijk te vinden. Zij bieden de Studenten daartoe graag leeromgevingen 
aan, waarin deze uitgenodigd worden om op basis van relevante informatie 
beslissingen te nemen, zoals ook in de praktijk beslissingen worden genomen. 
Courseware kan voorzien in (onderdelen van) dergelijke leeromgevingen. Ook brengen 
docenten graag de agrarische praktijk in de klas en letten zij op de mate waarin 
courseware dit op een verantwoorde manier doet. Verder zijn docenten op zoek naar 
courseware, die hen ondersteunt bij hun lesgeven. In de belangstelling Staat 
courseware die bijdraagt aan het motiveren van Studenten en aan het geven van 
didactisch adequate opdrachten aan Studenten, en courseware die het leren van meer 
complexe cognitieve vaardigheden bevordert. De docenten veronderstellen dat de 
normale kanalen, die zij gebruiken voor hun professionele ontwikkeling, hen voldoende 
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informeren omtrent de beschikbare courseware. De interviews geven enig inzicht in de 
ti jd die normaal beschikbaar is voor het ontwikkelen van lessen waarin computers 
gebruikt worden: tussen 5 en 20 uur initiale tijdinvestering voor een cursus die 
gedurende twee lesuren per week een jaar lang in beslag neemt. 
Verder blijkt dat de verschillen tussen de vijf beschreven situaties groot zijn met 
betrekking tot een aantal factoren die het gebruik van computers en courseware 
beïnvloeden. Deze verschillen betreffen student karakteristieken en het oordeel van 
docenten hierover, beschikbare faciliteiten, de regionale agrarische praktijk (en 
bijgevolg de inhoud van het curriculum), en de tijd die beschikbaar is voor het 
ontwikkelen van lessen. Deze diversiteit maakt begrijpelijk dat het lastig is om met een 
beperkte verzameling factoren het computergebruik te verklaren. Ook wordt duidelijk 
dat de Problemen rond het gebruik vooral te maken hebben met de afstemming van de 
courseware op de taak van docenten en dat bij het gebruik van de courseware 
gebruikersvriendelijkheid niet de belangrijkste belemmering is. 
Het laatste deel van hoofdstuk 5 presenteert de vervolledigde en gepreciseerde 
voorschriften, die op grond van de benoemde factoren kunnen worden geformuleerd. 
Aan de drie categorieën van hoofdstuk 4 wordt een vierde catégorie toegevoegd: 
courseware ontwikkeiing dient rekening te houden met verschillen tussen de 
contexten waarin de courseware gebruikt zal worden. 
Hoofdstuk 6 behandelt de vraag naar determinanten van het procès van courseware 
ontwikkeiing en naar de relatie tussen deze determinanten en de geformuleerde 
voorschriften. De geformuleerde gebruik bevorderende voorschriften zullen uiteindelijk 
in het procès van courseware ontwikkeiing een functie moeten vervullen. Hiertoe is 
inzicht in deze determinanten onontbeerlijk. Zes courseware-ontwikkelingsprojecten 
worden met behulp van het in hoofdstuk 2 aangereikte theoretisch raamwerk 
beschreven en geanalyseerd en de belangrijkste determinanten worden benoemd. 
Het perspectief van waaruit courseware wordt ontwikkeld lijkt vooral een combinatie 
van de perspectieven van software engineering en van ontwerpen van instructie. 
Project management speelt een bescheiden roi. Het perspectief van onderwijs-
vernieuwing is amper terug te vinden. Verder wordt relatief weinig aandacht besteed 
aan oriënterende activiteiten; de courseware ontwikkelaars gaan direct aan de gang 
met het ontwerp en de produktie van courseware producten. Een project team is klein: 
doorgaans is sprake van een projectleider, een docent en een systeemanalist/ 
programmeur. De voorzieningen, met name waar het gaat om het beschikbaar stellen 
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van taakuren voor docenten en het vinden van geschikte docenten voor dit werk, 
leveren problemen op. In de courseware ontwikkeling ligt de nadruk op het 
ontwikkelen van software zonder meer; aan het ontwikkelen van schriftelijk en ander 
materiaal wordt weinig aandacht besteed. 
Zoals in hoofdstuk 2 is uiteengezet kan courseware ontwikkeling worden 
gekarakteriseerd aan de hand van vijf dimensies. Voor de onderzochte projecten ziet 
deze karakterisering er als volgt uit. 
De eerste dimensie betreft de focus van de ontwikkeling. De courseware wordt niet 
situatie-specifiek ontwikkeld maar -via een aparte professionele organisatie- voor het 
agrarisch onderwijs als geheel. De in hoofdstukken 4 en 5 geformuleerde voorschriften 
geven aanleiding hierin verandering te brengen en de coursware ontwikkeling in teams 
van vakdocenten binnen een school te laten plaatsvinden. Hierbij is ondersteuning 
door een professionele organisatie voor courseware ontwikkeling wenselijk. 
De tweede dimensie betreft het door ontwikkelaars veronderstelde gebruik. In het 
onderzochte proces van courseware ontwikkeling veronderstellen de ontwikkelaars dat 
aanstaande gebruikers de courseware zullen willen aanpassen. In de ogen van de 
ontwikkelaars is gebruik van courseware zonder enige vorm van aanpassing niet 
waarschijnlijk. De eerder geformuleerde voorschriften (hoofdstuk 4 en 5) suggereren 
echter, dat om het gebruik van courseware te bevorderen aanpassing onvoldoende is. 
De aangepaste courseware past vermoedelijk nog onvoldoende bij de specifieke 
situatie van veel docenten. Eerder zou aan het gebruik van door docenten zelf 
ontwikkelde courseware gedacht moeten worden. 
De derde dimensie betreft de voor courseware ontwikkeling benodigde expertise. In de 
onderzochte ontwikkelingsprojecten wordt vooral een beroep gedaan op 
vakinhoudelijke expertise, op expertise inzake de doceerpraktijk, op expertise met 
betrekking tot het ontwerpen van instructie en op expertise betreffende het 
ontwikkelen van software. Om gebruik van courseware te stimuleren zou meer 
aandacht voor deskundigheid op het gebied van projectmanagement en 
onderwijsvernieuwing noodzakelijk zijn. 
De vierde dimensie betreft het proces- of produktkarakter van de ontwikkeling. In de 
onderzochte projecten blijkt het produkt centraal te staan, terwijl voor het stimuleren 
van gebruik de klemtoon op het proces van onderwijsvernieuwing zou moeten liggen. 
SAMENVATTING 2 4 9 
De vijfde dimensie tenslotte betreff, de balans die gevonden moet worden tussen de 
omvang van net project en net ambitieniveau. Hoewel de projecten klein van omvang 
zijn is het ambitieniveau hoog te noemen. Deze combinatie maakt een geleidelijke 
vernieuwing mogelijk zonder dat dit het enthousiasme van docenten hoeft in te 
dämmen. Voorwaarde is dat de verschiliende kleinere projecten in een meer 
omvattend toekomstperspectief worden geplaatst. 
Het laatste deel van hoofdstuk 6 bespreekt de in eerdere hoofdstukken geformuleerde 
voorschriften en stelt ze waar nodig bij met het oog op inpassing in het bestaande 
procès van courseware ontwikkeling. De vier eerder genoemde categorieën van 
voorschriften keren hier terug: die van behoeften, van kosten, van professionalisering 
en van verschillen tussen contexten. 
Hoofdstuk 7 rapporteert nader onderzoek inzake de organisatie van de courseware 
ontwikkeling voor het Nederlandse agrarisch onderwijs. De doelen van dit hoofdstuk 
zijn: het nader verklaren van het in hoofdstuk 6 beschreven procès van courseware 
ontwikkeling en het opstellen van een aantal voorschriften voor de organisatie van 
gebruiksgerichte courseware ontwikkeling. Dit onderzoek rieht zieh op de verschiliende 
Personen en organisâmes die een roi vervullen bij de courseware ontwikkeling en op de 
verdeling van activiteiten onder deze betrokkenen. Ook worden de beschikbaar 
gestelde voorzieningen en de gehanteerde voorschriften voor courseware ontwikkeling 
bestudeerd. 
Het is aannemeiijk dat het negeren van oriënterende activiteiten in elk geval voor een 
deel is terug te voeren op de verdeling van verantwoordelijkheden tussen de 
opdrachtgever en de projeetgroep die de courseware ontwikkelt. Ook de gebrekkige 
aandacht voor onderwijsvernieuwing is (deels) tot deze verdeling van 
verantwoordelijkheden te herleiden. Het is aanbevelenswaardig deze verdeling te 
herzien en de projeetgroep volledig verantwoordelijk te stellen voor de complete 
courseware ontwikkeling. De opdracht zal het team daartoe gelegenheid moeten 
geven. Verder wordt in dit hoofdstuk de roi van de docenten nader beschouwd. 
Aanvankelijk was in het agrarisch onderwijs sprake van door docenten ontwikkelde 
courseware. Met de inrichting van een professionele organisatie voor courseware 
ontwikkeling wordt de verantwoordelijkheid voor de courseware ontwikkeling verlegd 
van docenten naar deze organisatie. De spanning tussen de professionele 
ontwikkelaars die ambitieuze onderwijsvernieuwing willen realiseren en de docenten 
die ook oog hebben voor de praktijk van het werken met courseware is in deze 
geschiedenis terug te vinden. Gepleit wordt voor een combinatie van schoolteam-
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gestuurde courseware ontwikkeling en professionele ondersteuning. 
Hoofdstuk 8 begint met een samenvatting van de in hoofdstuk 4 en 5 benoemde 
factoren die het gebruik van courseware beTnvloeden. Vervolgens komen de in 
hoofdstuk 4 , 5, 6 en 7 geformuleerde voorschriften aan de orde. Omdat het grootste 
deel van de gegevens is verzameld in de periode 1989-1992, besteedt hoofdstuk 8 
aandacht aan de relevantie van de benoemde factoren en de geformuleerde 
voorschriften voor de huidige courseware ontwikkeling. De lespraktijk is veranderd en 
de organisatie van courseware ontwikkeling is gewijzigd ten gevolge van de invoering 
van de kwalificatiestructuur, de AOC-vorming en de reorganisatie van de 
onderwijsondersteuning en de curriculum ontwikkeling. Desondanks lijkt het 
aannemelijk dat de beschrijving van de factoren in grote lijnen geldig is en de 
voorschriften relevant zijn voor courseware ontwikkeling op dit moment. 
Aan de formulering van de voorschriften voor courseware ontwikkeling op basis van 
de benoemde factoren liggen methodologische inzichten ten grondslag. Deze inzichten 
staan centraal in de volgende onderdelen van hoofdstuk 8. In essentie wordt in dit 
proefschrift geprobeerd de methode van courseware toe te snijden op de specifieke 
context waarin de courseware zal worden gebruikt, met als doel het gebruik ervan te 
doen toenemen. Om deze operatie te kunnen uitvoeren moeten de karakteristieken van 
courseware ontwikkeling worden aangewezen die aanpassing behoeven. De vij'f 
dimensies waarmee in dit proefschrift benaderingen van courseware ontwikkeling 
worden gekarakteriseerd (zie hoofdstuk 6), worden hiervoor gebruikt. Bovendien moet 
informatie over de specifieke context van gebruik voorhanden zijn op basis waarvan 
deze aanpassing kan plaatsvinden. De literatuur over software engineering levert een 
analyse instrument dat bruikbaar is voor de benodigde sftuatie-analyse. De vraag die 
dan blijft liggen concentreert zich op de onderlinge relatie tussen de situatie en de 
methode voor courseware ontwikkeling. Een overzicht van deze onderlinge relaties 
koppelt kenmerken van een situatie aan een bijbehorende karakteristiek van 
courseware ontwikkeling. Risico preventie is het belangrijkste argument om in een 
situatie een bepaalde karakteristiek van courseware ontwikkeling te kiezen. 
Tot slot van hoofdstuk 8 wordt de situatie-analyse en het bijbehorende resultaat, dat 
wil zeggen de gebruiksgerichte courseware ontwikkeling voor het Nederlands 
agrarisch onderwijs, gepresenteerd. Deze courseware ontwikkeling dient situatie 
specifiek te zijn, en te worden ondersteund door professionele courseware 
ontwikkelaars. De gebruikte expertise dient vooral aangevuld te worden wat betreft 
project management en onderwijsvernieuwing. De courseware ontwikkeling dient 
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docent-gestuurd te zijn en proces-gericht. Bovendien lijkt een kleine omvang en een 
hoog ambitie-niveau een juiste combinatie. 
De voorgestelde benadering wordt in metaforische zin ecologisch genoemd. Inzichten 
uit de ecologie leveren een leerzaam referentiekader. Het zijn niet enkel de 
kwaliteitsaspecten van courseware die het gebruik bepalen; vooral de context van het 
gebruik bepaalt welke kwaliteitsaspecten uiteindelijk de doorslag geven bij de 
beslissing om de courseware al of niet te gebruiken. Om de bruikbaarheid van 
courseware te kunnen vaststellen zal een analyse van de context van dit gebruik 
noodzakelijk zijn. In ecologische termen: Elke soort kan in beginsel overal voorkomen, 
het milieu selecteert. En om een soort te karakteriseren is het nodig de niche (de 
specifieke context waarin de soort gedijt) te beschrijven. 
Het pleidooi voor een ecologische zienswijze past bij de noodzakelijk bevonden 
verschuiving van een usability engineering-benadering naar een cognitive tool design-
benadering, zoals aangegeven in hoofdstuk 5. Bij de courseware ontwikkeling, als 
onder meer onderzocht in dit proefschrift, zijn vooral software engineering en het 
ontwerp van instructie de belangrijkste toeleverende disciplines. In deze disciplines 
Staat de systeembenadering centraal. Binnen de systeembenadering worden docenten 
opgevat als uitvoerders van wezenlijke functies binnen het onderwijs. Sommige van 
deze functies kunnen worden geautomatiseerd. Echter is, zoals de diversiteit aan 
onderwijssituaties in hoofdstuk 5 aangeeft, het onderwijzen te complex om met de 
systeembenadering alleen te worden begrepen. Docenten zijn hoeders van 
ingewikkelde situatie-specifieke en leerling-specifieke leerprocessen. Deze processen 
zijn maar zeer ten dele te begeleiden en te sturen met behulp van onderwijsfuncties. 
Docenten hebben dan ook niet zozeer behoefte aan computers, die hen van 
onderwijsfuncties ontlasten, maar wel aan Instrumenten die hen kunnen helpen bij het 
ondersteunen en stimuleren van complexe leerprocessen. 
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GLOSSARY 
Agricultural software: computer programs, tha t are used in and specif ic for agricultural pract ice. 
Catalytic rationale: a set of coherent mot ives to use computers in curr iculum that is characterised by 
the concern fo r accelerating educational innovations already in progress, by means of computer use. 
Cognitive tool design: an approach w i th in the field of HCI wh ich emphasises the development of 
computer systems tha t support human-cognit ive tasks. 
Courseware: a package of learning materials, consisting of educational so f tware and accompanying 
support ing materials, tha t is developed w i t h the purpose to be used by students to learn f rom. 
Courseware design: the process of repeated analysis, synthesis and evaluation leading to a model of 
the courseware product . This process is focused by a set of purposes as well as by organising 
perspect ives, and uses information f rom the context of use as wel l as f rom the body of organised 
knowledge. 
Courseware development: the process of conceptual iz ing, speci fy ing, designing and producing 
courseware tha t involves di f ferent activi t ies in a specif ic sequence and tha t is executed by o f ten more 
than one actors, w i t h the help of resources, resulting in intermediary products as wel l as an end 
product. 
Courseware-development approach: a general strategy of courseware development tha t can be 
characterised by f ive dimensions: focus of development, role of expert ise, reality of use, or ientat ion on 
process and product or ientat ion, balance between scale and ambit ion. 
Courseware-development method: a wel l considered w a y of developing courseware tha t is embodied 
in expl ici t or implicit prescriptions regarding the perspective, the act iv i t ies, the sequencing of these 
activi t ies, the involved actors, the used resources, and the resulting intermediary products. 
Courseware-development prescription: a specif ic rule or general guideline tha t prescribes an aspect of 
a courseware-development method and aims for increased quali ty of the courseware-development 
process and (or) the courseware product. 
Courseware-development technique: a w a y of representing aspects of the courseware intermediary or 
end product , for example a w a y of modell ing the subject matter, a w a y of prototyping of the user 
interface or a w a y of modell ing data structures for sof tware-development purposes. 
Courseware-development tool: a sof tware instrument, t o be used in the process of courseware 
development , such as an authoring system or a computer language. 
Courseware quality: the set of attr ibutes of courseware tha t determines ut i l i ty, likeability and usabil i ty 
of the courseware. 
Educational software: a computer program, tha t is developed w i th the purpose to be used by s tudents 
to learn f r o m . 
Ecological approach of courseware development: an approach based on the importance of the relation 
be tween courseware development and the context in w h i c h the courseware wil l be used. Courseware 
may present a w ide range of technological possibilit ies, the context of use wi l l select the viable ones. 
These insights at the basis of this approach have their analogies in (microbial) ecology in the rule of 
Baas Becking (1934) : everything is everywhere, environment selects; and in the ecological concept of 
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niche tha t stands for a specif ic con tex t in wh ich a species wil l f lourish and tha t consequenly can be 
used t o characterise a species. 
Expertise: one of the f ive dimensions that can be used to characterise a courseware development 
approach. In th is particular d imension, the type of expertise that dominates courseware development 
is cent ra l . Dist inguished are subject matter expert ise, expertise o f teachers as users, expertise on 
s o f t w a r e development , expertise on instruct ional design, and expertise on project management . The 
central quest ion is: Wh ich expertise dominates courseware development? 
Focus of development: one of the f ive dimensions tha t can be used to characterise a courseware-
development approach. In this part icular dimension the locus of decision making for development is 
cent ra l ; th is decision making can be situation specif ic or generic. The central quest ion is: Is the 
courseware development si tuat ion specif ic or generic? 
Functionality rationale: a set of coherent mot ives to use computers in curr iculum tha t is characterised 
by t h e concern fo r the abil i ty to func t ion ef fect ively w i t h information related tasks. This encompasses 
the abil i ty t o use informat ion technology tools. 
Human-computer interaction (HCI): a discipline in the f ield in computer science tha t is concerned w i t h 
the design, evaluat ion and implementat ion of interactive computer systems for human use and w i t h 
the s tudy of major phenomena surrounding them (ACM SIGCHI, 1 9 9 2 , p. 5 ) . 
Increase-use-in-practice: a design perspective tha t v iews the increase of use in pract ice as the major 
purpose of the design process. 
Iterative design: a design process tha t can be depicted as a helix and tha t is characterised by 
repet i t ious consul tat ion of the contex t of use, by means of analyzing the contex t of use or test ing 
intermediary products such as prototypes, or bo th . 
Likeability: an aspect of courseware quali ty tha t refers to the degree o f pleasure tha t is invoked by 
using the courseware. 
Method: see courseware development method. 
Pedagogical rationale: a set of coherent mot ives to use computers in curr iculum tha t is characterised 
by the concern fo r the improvement o f teaching and learning by creating new educat ional si tuat ions 
w i th the help o f computers . 
Prescription: see courseware-development prescript ion. 
Process or product: one of the f ive dimensions that can be used t o characterise a courseware-
deve lopment approach. In this particular dimension the orientation of the courseware developers on 
the courseware-development results is central . Destinguished are an or ientat ion on a courseware 
p roduc t tha t meets d i f ferent qual i ty criteria or an orientat ion on ef fect ive and ef f ic ient use of the 
courseware in pract ice. 
Prototype: a representat ion of a part of the courseware that can be evaluated by users or user 
representat ives. 
Prototyping: a me thod of courseware development in wh ich a sequence of prototypes is developed, 
each proto type becoming closer in nature to the ul t imate system. 
Reality of use: one o f the f ive dimensions tha t can be used to characterise a courseware-development 
approach. In th is particular dimension the presumed use of the eventual product is central . 
Dist inguished are: the product is used as developed; the product wi l l be adapted by its users before or 
during the use; and the product is developed by the users. The central quest ion is: Wil l t he courseware 
be used as developed, adapted or is i t developed by its users? 
Scale and ambition: one of the f ive dimensions that can be used t o characterise a courseware 
deve lopment approach. In th is particular dimension the balance between scale and ambi t ion is central . 
A n approach can be: 
a) large-scaled and have a high ambi t ion; 
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b) large-scaled w i t h l i tt le ambi t ion; 
c) small-scaled w i t h a high ambit ion; 
d) small-scaled w i t h l i tt le ambi t ion. 
The central quest ion is: What is the balance of scale and ambition? 
Star life cycle: a depict ion of the process of courseware development in w h i c h the product-
development life cycle (w i th its dif ferent stages of the life cycle) is integrated w i t h the process of 
courseware design (the iterative process of analysis, synthesis and evaluat ion). 
Task consistency: refers t o the degree in wh ich the tasks supported by the system are consistent w i t h 
the tasks carried out by the users. 
Technique: see courseware-development technique. 
Tool: see courseware-development too l . 
Utility: an aspect of courseware quality tha t refers to the extent t o w h i c h the funct ional i ty of the 
computer application is consistent w i t h the performance that is needed by its users. 
Usability: an aspect o f courseware quality that refers to the ease of use of the computer application 
and encompassing aspects like ease of learning, ef f ic iency of use, ease of remembering and the 
susceptibi l i ty to errors. 
Usability engineering: an approach wi th in the field of HCI that tries t o improve on the design and 
development of the user interface of computer systems. 
User interface: the interface between humans and computer systems consist ing of hardware (input 
devices, such as key boards, mouse, joy st ick, l ight pen, microphone, touch screen, and output 
devices, such as computer screens, printers, loudspeakers), the so f tware tha t operates th is hardware 
and the protocols tha t prescribe the interact ion. 
User-oriented development: an approach of sof tware (and of courseware) development tha t assigns a 
large role to the users of the sof tware (or courseware). 
Vocational rationale: a set of coherent mot ives to use computers in curr iculum tha t is characterised by 
the concern for human capital building: vocational workers of the fu ture should be trained for 
employment in a society permeated w i th information technology. 
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ABBREVIATIONS 
A O C Agrar isch onderwi js centrum [Centre for agricultural educat ion] 
AOI Adviescommissie onderwi js en informatietechnologie [Advisory commit tee for educat ion 
and informat ion technology] 
CILO Centrum voor informatica ondersteuning landbouwonderwi js [Centre fo r informat ion 
technology support o f agricultural education] 
C r r O Centraal inst i tuut voor toetsontwikkel ing [National inst i tute for educational measurement] 
C O M P E D The IEA s tudy of computers in educat ion 
CO-SfTUE The technique for design space analysis, that specifies col laborative, organisational. 
s y s t e m , interface, task, user and experience aspects o f the relation between future 
product and future contex t 
ESLO Educatieve sof tware ontwikkel ing voor het landbouwonderwi js [Development of 
courseware for agricultural education] 
EU European union 
HC I Human-computer interact ion 
IEA International association for the evaluation of educational achievement 
I NSP Informat ica stimuleringsplan [st imulation program on comput ing] 
L O B A S Landeli jk overleg beroepsopleidingen agrarische sector [National conference on vocat ional 
educat ion and training in agriculture] 
M A N M F Minister ie van Landbouw, Natuurbeheer en Visserij [Ministry of Agr icul ture, Nature 
Management and Fisheries] 
O C Ontwikke lcent rum [Centre fo r development of learning materials] 
O E C D Organisat ion for economic cooperat ion and development 
P A G V Proefstat ion voor de akkerbouw en groententeelt van de voile grond [Experimental s tat ion 
for arable farming] 
PC Personal computer 
P O C O Project programmatuur ontwikkel ing voor computers in het onderwi js [Sof tware 
development for computers in education] 
PRINT Project implementat ie van n ieuwe technologieen in het onderwi js [Project implementat ion 
of new technologies in educat ion] 
Q O C The techn ique for design space analysis, that specifies the process of design by describing 
relevant quest ions, opt ions and criteria 
Stoas Organisat ion for knowledge management and professional development in agriculture and 
agricultural educat ion and training 
W W W World w ide w e b 
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Appendix A: Interview guide and checklist 
Appendix A consists of the in English translated version of the interv iew guide, that is used during the 
in chapter 5 reported in terv iews. 
In terv iew guide fo r the interv iew w i t h teachers about the courseware they use. W h a t is particularly o f 
impor tance t o th is use? What is it tha t makes t h e m use the courseware and maintain using the 
courseware? 
The interview comprises three stages: 
a) a stage, used t o note d o w n data on the use of the courseware; 
b) a stage w i t h open quest ions; 
c) a stage in wh ich a checkl ist is used. 
Chris Blom, Department of Agr icul tural Education 
September 1 9 9 5 
Stage 1 (use of courseware) 
1 teacher name 
2 school 
3 use the package x 
4 in the course or courses x 
5 for s tudents in the program: (senior secondary agricultural educat ion, junior secondary 
agricultural educat ion, curr iculum, structure of qual i f icat ions.. . e tc ) . . 
6 s tudents are in the program year.. 
7 the course consist o f the fo l lowing number of teaching hours.. 
8 the courseware package is used in the fo l lowing number of teaching hours.. 
9 courseware use can be described as fo l lows: 
9.1 number of s tudents per machine 
9.2 number of minutes that the machine is used 
9.3 s tudents are demonstrated something or work for themselves 
9 .4 short descript ion of subject matter, student act ivi t ies, object ives, e tc . 
9.5 the use is in t roductory, advanced or di f ferent w i t h respect t o agricultural comput ing 
9.6 students w o r k besides teaching hours too 
10 object ives of the course, teaching program in relation to computer use 
11 in w h a t si tuat ion do you use the package 
11.1 number of computers available 
11 .2 grouped in a computer room 
11.3 restr ict ions w i t h respect to availabil i ty/ t imetable o f the room 
11 .4 other computer facil it ies (printers, network) 
11.5 support by others, experts 
Stage 2 (open questions) 
12 how did you arrive at using this courseware 
13 w h y do you use this courseware and not another package 
14 did you deliberately choose th is courseware, and on what grounds 
15 w h a t ob ject ive do you attain w i th the use of this courseware, are there no other w a y s to 
reach th is objective? 
16 wha t are shortcomings in th is courseware 
16.1 shortcomings 
16 .2 desirable extensions 
17 is it possible t o point at posit ive characteristics of the program tha t made you t o choose th is 
program? Wi thou t these characteristics the program would not have been selected? 
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Stage 3 
T w o dimensions can be dist inguished 1) relevance of the quest ion fo r the specif ic courseware 
2) is the characterist ic decisive in relation to the decision to 
use or not use the courseware 
18 does the courseware indicates w h a t learning route the students fo l low? 
18 .1 w h a t object ives can be achieved 
1 8 . 2 w h a t learning results s tem f rom the use of th is courseware 
18 .3 w h a t learning activit ies students have to execute 
1 8 . 4 w h a t assignments guide student activit ies 
19 does the courseware give a blueprint of or hints for the f i rst use? 
2 0 does it support teachers when learning h o w t o use the courseware? 
21 can it be used by both experienced as wel l as inexperienced teachers 
21 .1 explanation/hints/exercises for inexperienced teachers 
2 1 . 2 opt ions, shor tcuts , etc. for experienced teachers 
22 can it be used w i t h a l imited number of PCs 
23 h o w much t ime is necessary to 
23 .1 learn h o w t o use the courseware 
2 3 . 2 develop an instruct ional st rategy 
2 3 . 4 organise f i rst use 
2 3 . 5 prepare lessons 
2 3 . 6 use the courseware during teaching 
2 4 is t h e use of the courseware part of the existing curr iculum or is it a new, addit ional part of 
the curr iculum 
25 w h a t is the coherence w i t h existing curr iculum materials 
26 w h a t is the relation w i t h existing subject matter 
2 7 does it of fer opportuni t ies to bring up aspects of agricultural comput ing (farm management 
sys tems, process automation) 
27 .1 overv iew of farm management systems 
2 7 . 2 s tudent activi t ies encompass gather ing, recording and analyzing informat ion whi le 
using computers 
2 7 . 3 s tudent act ivi t ies encompass planning, evaluat ion, and decision making 
2 7 . 4 overv iew of systems for process measurement and control 
27 .5 operat ing and management of systems for process measurement and cont ro l , 
deciding on the employment of these systems 
Appendix B: Descriptive instrument for the process of courseware development 
for agricultural education 
B .1 General framework 
The instrument consists of a general f ramework of perspectives, activities, sequence of activities, 
actors, resources and intermediary products (Figure B.1). 
To what purpose? perspectives 
activities 
What? 
When? 
Who? 
sequence 
actors 
With what resources? 
resources 
What results? intermediary products 
Figure B. 1 General framework for the descriptive instrument 
B.2 Perspectives 
The four perspectives are: 
a) instruct ional design; 
b) so f tware engineering; 
c) educat ional innovat ion; 
d) project management . 
B . 3 Activities 
The six main groups of activities are manage, supply resources, develop instruct ion and so f tware , 
distr ibute and mainta in, implement the innovat ion as well as evaluate. Each of these groups are 
elaborated result ing in the fo l lowing lists of activi t ies (Tables B.1 - B.6). 
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Table B. 1 Activities from the group manage 
1 manage 
1.1 al locate available resources 
1.1.1 plan 
1.1.2 check 
1.1.3 adjust 
1.2 t ime 
1.2.1 plan 
1.2.2 check 
1.2.3 adjust 
1.3 cooperat ion 
1.3.1 plan 
1.3.2 check 
1.3.3 adjust 
1.4 development of instruct ion 
1.4.1 plan 
1.4.2 check 
1.4.3 adjust 
1.5 development of so f tware 
1.5.1 plan 
1.5.2 check 
1.5.3 adjust 
1.6 the complete set of projects 
1.6.1 supervision of management act ivi t ies 
1.6.2 the development of methods, techniques 
and tools 
1.6.3 the availability o f resources 
1.6.3.1 allocate resources among projects 
1.6.3.2 adjust the need for resources 
1.6.3.3 adjust the availabil ity of resources 
Table B.2 Activities from the group supply resources 
2 supply resources 
2.1 f inance personnel (manpower, expertise) 
2 .2 f inance material resources 
2 .3 supply accommodat ion for courseware development 
2 .4 supply development methods 
2.5 supply techniques 
2.6 supply tools 
2.7 organise and coordinate materials development 
2 .8 professional development of personnel 
Table B.3 Activities from the group develop instruction and software 
3 develop instruct ion and so f tware 
3.1 def ine problem 
3.2 analyze instruct ion-problem and its context 
3 .3 list al ternative solut ions 
3 .4 assess feasibil i ty of suggested solut ion 
3.5 speci fy instruct ion 
3.6 speci fy technical characterist ics 
3.7 design 
3.8 produce 
3 .8 .1 wr i t t en materials 
3 .8 .2 sof tware 
3.9 evaluate product (formative) 
3 .10 put together the di f ferent components 
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Table B.4 Activities from the group distribute and maintain 
4 distr ibute and maintain 
4 .1 register 
4 .2 mult iply 
4 .3 ship and mail 
4 . 4 administrate f inances 
4 .5 maintain 
Table B.B Activities from the group implement innovation 
5 implement innovat ion 
5.1 formulate innovat ion characterist ics 
5.2 formulate innovat ion plan 
5.3 adjust content of the innovat ion 
5 .4 consul t prospect ive users 
5.5 involve potential users/teachers in courseware development 
5.6 inform prospective users and school management 
5.7 advise and support users 
5.8 support teachers w i t h selection of alternatives 
5.9 instruct use of innovat ion 
5 .10 evaluate the use of the innovat ion 
5.11 consult professional agricultural practice 
Table B.6 Activities from the group evaluate 
6 evaluate 
6.1 evaluate product (summative) 
6.2 evaluate process (summative) (adjustment of methods, techniques and tools) 
B .4 Stages 
The four general stages are or ientat ion, design and product ion, int roduct ion and use. 
stage 1 
orientation 
stage 2 
design and 
production 
stage 3 
introduction 
stage 4 
use 
Figure B.2 The four distinguished stages of courseware development 
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B.5 Roles and actors 
The 19 different typical roles are presented in Table B.7. The relation between these roles is depicted in 
Figure B.3. In an actual si tuat ion that is described w i th the instrument, di f ferent actors wi l l perform one or 
more roles. A role also might be shared by t w o or more actors. 
Table B. 7 The 19 different roles in courseware development 
1 government 8 project leader 1 15 school 
2 organisation(s) for curricu- 9 subject matter expert 16 organisation for design of 
lum development 10 expert on instructional st- instruction and product ion 
3 organisation(s) for rategy of wr i t ten materials 
materials development 11 expert on curriculum and 17 organisation for production 
4 wor ld of agricultural materials development of sof tware 
professions 12 expert on teaching practice 18 organisation for distribution 
5 commissioning actor 13 system analyst 19 users, teachers and 
6 organisation for in-service 
training 
14 programmer students 
7 project management 
1 Roles 8 - 14 are in the project team 
government 
world of 
agricultural 
vocations 
organisation(s) for 
curriculum development 
organisation(s) for materials 
development 
commissioning actor 
organisation for design of 
instruction and production 
of written materials 
organisation for production 
of software 
organisation for distribution 
project team 
project leader 
subject matter expert 
expert on instructional strategy 
expert on curriculum and 
materials development 
expert on teaching practice 
system analist 
programmer 
mainly financial relationship 
mainly non-financial relationship 
organisation for 
in-service training 
project management 
school 
- - users, students and teachers 
Figure B.3 The relations between roles in the process of courseware development 
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B.5 Resources 
Wi th respect t o the resources the four groups are included: faci l i t ies, methods, techniques and tools 
(Tables B8 - B11) 
Table B.8 Resources within the group facilities 
1 facil i t ies 
1.1 personnel facil i t ies 
1.1.1 availability of funding for 
personnel 
1.1.2 availability of expertise on t ime 
1.1.2.1 subject mat ter expertise 
1.1.2.2 expertise on instructional 
strategy and curr iculum and 
materials development 
1.1.2.3 expertise on teaching practice 
1.1.2.4 project management expertise 
1.1.2.5 expertise on media design 
1.1.2.6 expertise on sof tware 
development (programming, 
system analysis) 
1.2 material facil it ies 
1.2.1 accommodat ion 
1.2.2 of f ice materials 
1.2.3 travel al lowance 
1.2.4 facil i t ies for professional 
development 
1.2.5 evaluation sites 
1.2.6 budget for curr iculum 
materials 
Table B.9 Resources within the group methods 
2 methods 
2.1 sequence of act ivi t ies 
2.2 checkl ists for intermediary products 
2.3 guidelines for actors 
2 .4 guidelines for the use of techniques 
Table B.10 Resources within the group techniques 
3 techniques 
3.1 techniques for analysis 
3 .1 .1 of instruct ion 
3 .1 .2 o f informat ion-system 
3 .1 .3 o f innovat ion and its contex t 
3.2 techniques for design 
3 .2 .1 of instruct ion 
3 .2 .2 of informat ion-system 
3 .2 .3 of innovat ion and its contex t 
3.3 techniques for product ion 
3.3.1 of instruct ion 
3 .3 .2 of informat ion-system 
3.3 .3 of innovat ion and its contex t 
3 .4 techniques for evaluation and 
feedback 
3.4.1 of instruct ion 
3 .4 .2 of informat ion-system 
3.4 .3 of innovat ion and its contex t 
3.5 techniques for management 
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Table B.11 Resources within the group tools 
4 tools 
4.1 tools fo r analysis 
4 .1 .1 of instruct ion 
4 .1 .2 of in format ion-system 
4 . 2 tools fo r design 
4 .2 .1 of instruct ion 
4 . 2 . 2 of in format ion-system 
4 .3 tools for product ion 
4 .3 .1 of instruct ion 
4 .3 .2 of informat ion-system 
4 . 4 tools for evaluation 
4 .4 .1 of instruct ion 
4 .4 .2 of informat ion-system 
4 .5 tools for management 
B.6 Intermediary products 
In to ta l 10 di f ferent intermediary products are discerned (Tables B.12 - B21) 
Table B. 12 Product elements within the group curriculum analysis 
1 curr iculum analysis 
1.1 instruct ional problem and solut ion 
1.1.1 problem, present and desired 
si tuat ion 
1.1.2 overall descript ion of the 
solut ion 
1.1.3 contr ibut ion of courseware to 
t h e solut ion 
1.1.4 role of computer in 
instruct ional st rategy door 
1.1.5 support o f courseware to 
speci f ic subject mat ter areas 
1.1.6 t ype of courseware 
1.1.7 grouping of di f ferent media 
(sof tware, wr i t ten materials, 
AV-med ia , instruct ions, etc.) 
1.1.8 alternative solutions 
1.2 descript ion o f ent ry levels 
1.2.1 intel lectual abilities 
1.2.2 mastery of concepts , principles 
and procedures 
1.2.3 mot ivat ion 
1.2.4 learning style 
1.2.5 gender 
1.2.6 age 
1.2.7 possibly only indicative 
1.3 task or subject mat ter analysis 
1.3. 1 task content 
1.3. 2 task procedures 
1.3. 3 task condit ions 
1.3. 4 task performance criteria 
1.3. 5 task facil i t ies 
1.3. 6 subject mat ter content 
1.3. 7 cognit ive level 
1.3. 8 cognit ive performance condi t ions 
1.3. 9 cognit ive performance criteria 
1.3.10 place in curr iculum 
1.4 relation w i th agricultural comput ing 
1.5 instructional s t rategy 
1.5.1 description of present instruct ional 
strategy 
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Table B.13 Product elements within the group organisational context 
2 organisational con tex t 
2.1 contex t of instruct ion 
2 .1 .1 organisation and 
instrumentat ion of instruct ion 
2 .1 .2 availabil ity o f facil i t ies 
2 .1 .3 t i m e t a b l e 
2 . 1 . 4 available number of computers 
2 .1 .5 available type of computers 
2 .1 .6 maintenance and management 
of computers 
2 .1 .7 available expertise on 
management and maintenance 
of equipment and sof tware 
2.2 distr ibut ion and copyr ight 
2 .2 .1 arrangement of distr ibut ion and 
copyr ights 
2 .2 .2 relation between producer and 
organisation for distr ibution 
2 .2 .3 possible retail price, expected 
sales, market ing and 
distr ibut ion procedures 
2 . 2 . 4 so f tware maintenance 
2 .2 .5 number of pupils, schools 
2 .3 general criteria 
2 .3 .1 standards 
2 .3 .1 .1 programming language, 
procedures library 
2 .3 .1 .2 user interface 
2 .3 .1 .3 capacity 
2 .3 .1 .4 max imum number of users 
2 .3 .1 .5 da tas to rage 
2 .3 .1 .6 possibilit ies for extending the 
system 
2 .3 .2 compatibi l i ty 
2 .3 .2 .1 hardware 
2 .3 .2 .2 system- en applicat ion so f tware 
2 .3 .2 .3 of stored data 
2 .3 .2 .4 data exchange w i t h other 
programmes 
2.3.2 .5 di f ferent user interfaces 
2 .3 .2 .6 use of standard sof tware 
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Table B. 14 Product elements within the group innovation characteristic 
3 innovat ion characterisat ion 
3.1 content of the innovat ion 
3.1.1 specif icat ion of user needs and needs of school management and the importance of 
these needs in relation to present instruct ional practice 
3 .1 .1 .1 use of computers in curr iculum 
3 .1 .1 .2 integrat ion of agricultural comput ing in curr iculum 
3 . 1 . 1 . 3 role or the teacher 
3 . 1 . 1 . 4 related developments in relevant f ields 
3 .1 .2 complex i ty of innovat ion 
3 .1 .3 clari ty of innovat ion 
3 .1 .4 pract ical i ty of innovat ion (technical qual i ty, specif ic demands w i t h respect to 
accommodat ion) 
3 .2 user concerns 
3.2.1 present ideas and att i tudes on the innovat ion; att i tudes of teachers w i th respect to 
computer use, degree of computer acceptance 
3 .2 .2 materials development 
3.3 condi t ions fo r implementat ion of the innovat ion 
3.3.1 government pol icy 
3 .3 .2 t radi t ion of change 
3 .3 .3 t radi t ion of in service training 
3 .4 condi t ions for use 
3.4.1 faci l i t ies for use 
3 .4 .2 school management support , at t i tude of school management towards innovat ion 
3 .4 .3 teacher organisation 
3 .4 .4 knowledge of teachers w i t h respect to the use of computers 
3 .4 .5 necessary in-service teacher training w i t h respect to the use of courseware 
3 .4 .6 organisation of instruct ion (time table, group size) 
3 .4 .7 assumed teacher activi t ies in relation to the use of courseware 
Table B.I 5 Product elements within the group project description 
4 project descr ipt ion 
4 .1 planning of activi t ies 
4 .1 .1 sequence of activi t ies 
4 .1 .2 overv iew of intermediary 
products 
4 . 1 . 3 t ime planning 
4 . 2 planning o f human resources 
4 .2 .1 overv iew of available actors 
4 .2 .2 available expertise 
4 .2 .3 possible t ime investment per 
actor 
4 . 2 . 4 moment at w h i c h actors are 
available 
4 .3 analysis of costs and benefi ts 
4 .3 .1 development costs 
4 .3 .2 implementat ion costs 
4 . 3 . 3 f inancial revenues 
4 . 3 . 4 learning results 
4 .3 .5 eff ic iency of learning processes 
4 . 3 . 6 eff ic iency o f instruct ion 
4 . 3 . 7 possible alternative buyers 
4 . 4 methods , techniques and tools 
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Table B.16 Product elements within the group instructional design 
5 instruct ional design 
5. 1 the incent ive t o star t the task 
5. 2 necessary informat ion to execute the task 
5. 3 possible student act ivi t ies to execute the task 
5. 4 required student performance 
5. 5 the condit ions at w h i c h the execut ion of the task should be stopped 
5. 6 the procedures t o stop the task 
5. 7 the criteria to star t the task once again 
5. 8 is there a hierarchy or a network of tasks 
5. 9 the instruct ional s i tuat ion 
5 .10 feedback 
Table B.17 Product elements within the group functional design 
i funct iona l design 
6.1 func t ions of the program 
6.1 .1 relations between funct ions 
6 .1 .2 listing of func t ions 
6 .1 .2 .1 data input , type and format 
of data 
6 .1 .2 .2 data ou tpu t , type and 
format of data 
6 .1 .2 .3 t ransformat ions 
6 . 1 . 2 . 4 error management 
6.2 user interface 
6 .2 .1 menus 
6 .2 .1 .1 lay-out 
6 .2 .1 .2 content 
6 .2 .1 .3 type of decisions 
6 .2 .2 relation between menus 
6 .2 .3 input of data 
6 .2 .3 .1 input too ls 
6 .2 .3 .2 input act ivi t ies 
6 .2 .3 .3 control of input 
6 . 2 . 3 . 4 correct ion of input 
6 .2 .3 .5 default values 
6 .2 .3 .6 response t ime 
6 .2 .4 screen lay out 
6 .2 .4 .1 funct ional act ive areas 
6 .2 .4 .2 tex t 
6 .2 .4 .3 graphics 
6 . 2 . 4 . 4 colour 
6 .2 .4 .5 coding 
6.2.5 system messages 
6 .2 .5 .1 error messages 
6 .2 .5 .2 feedback messages 
6 .2 .5 .3 situation messages 
6 .2 .5 .4 general standards w i t h regard t o 
messages 
6 .2 .6 prototype 
6.3 wr i t ten materials 
6.3.1 s tudent manuals 
6 .3 .2 teacher manuals 
6 .3 .3 operating instruct ions 
6 .3 .4 description of tasks and assignments 
6.3.5 suggestions for use of courseware 
6 .3 .6 other instructional materials (overview of 
subject matter) 
Table B.18 Product elements w i th in the group technical design 
7. technical design 
7.1 data processing 7.2 program structure 
7 .1 .1 da ta f low diagrams 7.2.1 structure diagram 
7 .1 .2 database st ructure 7 .2 .2 module description 
7 .1 .3 prototype 7 .2 .3 prototype 
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Table B. 19 Product elements within the group courseware, test version 
8 courseware, tes t version 
8.1 educat ional so f tware 
8.2 wr i t ten materials 
Table B.20 Product elements within the group test- or evaluation reports 
9 test- or evaluation reports 
9.1 subject of tests 
9 .1 .1 courseware, tes t version 
9 .1 .2 user interface 
9 .1 .3 other design 
9.2 rapport contents 
9 .2 .1 test con tex t 
9 .2 .1 .1 instruct ional s i tuat ion 
9 .2 .1 .2 faci l i t ies 
9 .2 .2 evaluators 
9 .2 .3 specif ic test criteria 
9 .2 .4 used parts of the design/courseware 
9.2.5 evaluation results 
9 .2 .5 .1 positive results 
9 .2 .5 .2 negative results 
9 .2 .5 .3 error messages 
9 .2 .5 .4 suggestions for improvement 
9 .2 .6 conclusions 
9 .2 .6 .1 general conclusions 
9 .2 .6 .2 recommendat ions for fur ther act ion 
Table B.21 Product elements within the group in-service training 
10 in-service training 
10 .1 operat ing the educational so f tware 
10 .2 using the manuals 
10 .3 explanat ion of curr iculum 
1 0 . 4 suggest ions fo r use and lesson examples 
10 .5 integrat ion in teaching strategy 
B . 8 Example of the attribution of activities, roles, resources and intermediary products 
This sect ion presents t w o examples of at tr ibut ion of act iv i t ies, roles, resources and intermediary 
products t o a cell of the matr ix of perspectives and stages (Tables B22 and B23) . 
Table B.22 Example of the attribution of activities, roles, resources and interniediary products to cell 
1 that concerns activities from the instructional development perspective during the orientation stage 
activi t ies roles resources intermediary products 
3.1 5, 7, 1 1 , 17 1 . 1 . 1 , 1.1.2.4, 1.2, 2 , 3 . 1 . 1 , 4 . 1 . 1 1.1 
3 .2 4 , 8 , 9 , 10 , 1 1 , 12 , 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .1.1 and drafts of 1.2, 1.3, 
13 4 .1 .1 1.4, 1.5, 2 . 1 , 2 .2 
3.3 8, 9 , 1 0 , 1 1 , 1 2 , 13 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .1.1 and -
4 .1 .1 
3 .4 5, 7, 8 , 9 , 10 , 1 1 , 12 , 1 . 1 . 1 , 1.1.2.1 t o i . 1 . 2 . 6 , 1.2, 2 , 1 , 2.1 and 2 .2 
13 , 16 , 17 3.1.1 and 4 .1 .1 
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Table B.23 Example of the attribution of activities, roles, resources and intermediary products to cell 
13 that concerns activities from the project management perspective during the orientation stage 
activi t ies roles resources intermediarv products 
1.1.1 7, 8 , 16, 17 1 . 1 . 1 , 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .5 , parts of 4 
4 .5 
1.2.1 7, 8, 16, 17 1 . 1 . 1 , 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .5 , idem 
4 .5 
1.3.1 7, 8, 1 6 , 17 1 . 1 . 1 , 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .5 , idem 
4.5 
1.4.1 7, 8, 1 6 , 17 1.1.2.1 to 1.1.2.5, 1.2, 2 , 3 .5, 4 .5 idem 
1.5.1 7, 8, 16 , 17 1.1.2.1 to 1.1.2.6, 1.2, 2 , 3 .5, 4 .5 idem 
1.6.1 7 1.1.2.4, 1.2, 3 .5, 4 .5 -
1.6.2 7, 8 1.1.2.1 to 1.1.2.6, 1.2, 3 .5 , 4 .5 -
1.6.3.1 7, 16 , 17 1.1.2.4, 1.2, 3.5, 4 .5 parts of 4 . 4 
1.6.3.2 7, 8 1.2.4, 2 , 4 . 5 , 5.5 -
1.6.3.3 7, 8 , 5 1.2.4, 2 , 4 .5 , 5.5 -
2.1 1 , 5 , 7, 1 6 , 17 1.1 parts of 4 
2 .2 1 , 5 , 7, 1 6 , 17 2 .2 , 2 .3 , 2 .4 idem 
2 .3 1 , 5 , 7, 16 , 17 2.1 idem 
2 . 4 7, 16, 17 3 idem 
2.5 7, 16 , 17 4 idem 
2.6 7, 16 , 17 5 idem 
2.7 2 , 3 - -
2.8 7, 8 , 16 , 17 - -
Appendix C: Guided open interview method and standard recording form used 
to investigate the process of courseware development 
C . 1 Guided open interviews 
The teachers are contacted by telephone w i t h the request to permit an open interv iew on their 
invo lvement in t h e ESLO init iat ive. As a result of th is telephonic contact , a date for the in terv iew is 
set . A letter is send t o the teachers to conf i rm the moment and place of the interv iew and suggest as 
a s tar t of the in terv iew an explanat ion by the interviewer (author) of his role as an evaluative 
researcher of the ESLO init iat ive. The appendix to th is letter consists o f the fur ther quest ions the 
questions tha t are the guide t o the interv iew. 
The f i rs t f ou r quest ions are identical t o four questions of the questionnaire ment ioned in chapter 4 . 
The answers o f the teachers t o these four questions are discussed. A summarized version of these 
four quest ions is ment ioned below. The complete version can be found in Blom (1993a) 
1 . Below, several object ives regarding agricultural comput ing are l isted. Could you check in w h a t 
program these object ives ideally should be attained? 
TAe list consists of 22 items, grouped in four categories: teaming how to use a PC, process 
automation, farm management systems and functioning effectively with information related tasks. The 
five relevant curriculum levels are: before senior secondary education, the two year, three year, or four 
year level of senior secondary education, and the post secondary courses. Teachers can also indicate 
an objective to be irrelevant for the agricultural curriculum; indicating that teachers have no opinion on 
the specific objective is possible too. 
2. Would you indicate your opinion on the fo l lowing statements by checking the appropriate answer. 
The lists consists of 19 items that express opinions regarding possibilities and restrictions of computer 
use (12 items), regarding the importance of computers in agriculture (3 Hems) and regarding initial and 
in-service training of teachers (4 Hems). 
3. Wh ich of the fo l lowing s ta tements , in relation t o the use of computers, do you momentar i ly 
experience as a problem at your school? And w h i c h of the indicated problems are the most 
impor tant according to you (5 at maximum). 
The list consists of 29 Hems; 4 Hems are related to hardware, 6 items to software, 6 items to 
teaching, 10 Hems to the organisation of computer use, 2 Hems are remainder Hems and as a last item 
an open Hem is left for completion by the teacher. 
4 . Wou ld you indicate your opinion on the fo l lowing statements by checking the appropriate answer. 
The list consists of 5 items that are related tot the involvement of teachers in courseware 
development. 
Quest ion 5 discusses the ESLO init iat ive. The CILO plan of stages of courseware development is 
out l ined in Append ix D. 
5. W h a t is your opinion on the fo l lowing aspects of the ESLO project? 
- method: cooperat ion w i t h curr iculum commit tees 
- method : work ing according t o the CILO plan of stages of courseware development 
- so f tware is developed at a central location and in the future the schools possibly wi l l develop 
supplements t o th is so f tware 
- each package should be accompanied by an in-service training 
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The fo l lowing 11 questions are related to the specific project in wh ich the teacher is involved. 
6. Since w h e n do you part icipate in the project team? 
7. Could you describe h o w you became involved in this project team? 
8. W h a t is the relation between the project team and the curriculum commit tee? 
9. H o w should the computer be used in the teaching of the relevant subject? 
10 . W h a t general guidelines for the design of instruct ion in the subject are in your opinion 
important? For example guidelines regarding the sequence o f subjects, the sequence of 
ass ignments, the teaching method to be selected, methods of feedback, placing of assignments 
and clari f icat ions, e tc . 
1 1 . W h a t do you expect of the results of this project team? 
12 . H o w many schools wi l l use the developed courseware? Do you th ink there are enough ef for ts t o 
to at t ract the at tent ion of the teachers to the coming of this courseware? 
13 . Could you indicate w h i c h aspects of the ESLO init iative you judge negative? 
14 . Could you indicate w h i c h aspects of the ESLO init iative you judge positive? 
15 . Are there any aspects of work ing w i t h courseware and of the work ing in the ESLO init iat ive, 
tha t are not discussed in the interview but should be discussed? 
The interviewer takes notes during the interview and processes these notes into minutes. 
In the f i rs t in terv iew, a f i rst and short version of the guidance, as described above, is used. The 
di f ference consists of the absence of the questions 6 to 9 and 11 to 15 . A f te r this f i rst in terv iew the 
guidance is extended t o the version as presented in this appendix. 
C.2 Standard recording form 
meet ing: 
date: 
persons present: 
agenda 
number 
subject discussed init iator part icipating t ime notes 
observer 
Checklist possible actors involved 
curr iculum commi t tee, w o r k group, CILO, supervisory commit tee on educational affairs, resonance 
commi t tee , project leader, teacher, educational expert , system analyist/ programmer, project manager 
ESLO, coordinator speci f icat ion, coordinator development, curriculum subject inspector, inst i tut ions for 
support o f agricultural educat ion, Stoas, representative of agricultural vocat ions. 
Appendix D: Overview of stages of courseware development as used in 
courseware development for agricultural education in the Netherlands within 
the ESLO initiative 
Stage 1: preliminary investigation 
activi t ies - fo rm a project team 
describe need fo r computers in curr iculum 
products - a project proposal, wr i t ten by the project t e a m , tha t describes the subject of the 
courseware, and the place of this subject in the curr iculum 
decision - the curr iculum commit tee evaluates the project 
part ic ipants - curr iculum commi t tee, individual teacher tha t made the request fo r the projects, 
project manager, project team 
Stage 2: formulate project plan 
activi t ies - pu t together a resonance commit tee 
assess priorit ies, formulate the assignment 
make an inventory of relevant exist ing sof tware 
coordinate similar project teams 
- formulate the project plan 
products - the project p lan, formulated by the project team 
decision - curr iculum and resonance commit tees evaluate the project plan 
part ic ipants - curr iculum and resonance commit tees, project manager, project t e a m , coordinator 
specif icat ion 
Stage 3 : start project 
activi t ies - develop a general design 
describe program funct ional i ty and f i rst design 
develop a prototype 
products - a descript ion of the program 
possibly a pro to type 
decision - the resonance commit tee evaluates the program descript ion 
- the project t e a m , project manager, instruct ional designer and sys tem designer 
evaluate the descript ion of the program w i t h respect t o the educat ional 
improvements and the comput ing techniques used 
part ic ipants - curr iculum and review commit tees, project manager, project t e a m , coordinator 
speci f icat ion, informat ion system designer, instruct ional designer 
Stage 4 : product specification 
activi t ies - develop a funct ional design w i t h a detailed program of instruct ional requirements, 
requirements w i t h respect to the subject, and sof tware requirements 
products - a funct ional design, wr i t ten by the project team, tha t can be used as a foundat ion 
for programming 
decision - project manager, instructional designer, system designer evaluate the funct ional 
design at the level of screen designs; at this stage only minor alterations are 
possible 
part ic ipants - project manager, project t e a m , instructional designer, sys tem designer, 
programmer. 
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Stage 5 : production 
activi t ies - formulate of a detailed plan 
produce of so f tware 
produce of manual and wr i t ten materials 
evaluate (formative) and test so f tware and other materials 
adjust on the basis of test results 
products - the educational so f tware 
wr i t ten materials 
decision - prospective users evaluate the sof tware and other materials, possibly these 
product are adjusted as a result of the format ive evaluation and test ing 
part ic ipants - project manager, project team, instructional designer, coordinator speci f icat ion, 
system designer, programmer 
Stage 6: implementation and evaluation 
activi t ies - t ra in prospective users 
distr ibute courseware 
support initial use 
evaluate on a yearly basis 
products - teachers use the courseware 
in service training 
evaluation report 
decision - each year evaluation of the courseware 
part icipants - project manager, project team, instructional designer 
Source: CILO, 1989a . 
Appendix E: Guidance questions used in open interviews with key persons in 
the investigation of the organisation of courseware development for Dutch 
agricultural education 
The key persons, tha t are invited fo r an interview are: 
a) representat ives of the branche organisations on comput ing in agriculture (5); 
b) project leaders of ESLO projects (3); 
c) teachers t h a t are act ive in the use of computers in agricultural educat ion (8); 
d) CILO personnel (6); 
e) the curr iculum subject inspector on comput ing in agriculture of the M A N M F (1); 
f) representat ives of the inst i tutons for support of agricultural educat ion (2); 
g) the teacher at Stoas responsible for the in-service training program on computers in agricultural 
educat ion (1). 
A f te r reaching an agreement on the interview, a letter is sent to the respondents t o conf i rm the 
moment and place of the in terv iew and suggest as a start of the interv iew an explanat ion by the 
in terv iewer (author) of his role as an evaluative researcher of the ESLO init iat ive. The letter also 
ment ions the fu r ther questions tha t are the guide to the interview. 
E.1 Questions for the representatives of the branch organisations on computing in agriculture 
1. For the development of courseware it is necessary that the content of the vocat ion oriented 
educa t ion , more specif ical ly w i t h respect to the role of comput ing in the vocat ions, is specif ied 
in advance. A t th is moment little is speci f ied. Possible issues are: in format ion model l ing, 
agr icul tural so f tware , simulat ion of parts of agricultural so f tware , subject related concepts tha t 
are at the basis of agricultural so f tware , e tc . ) . Could you indicate w h a t content is impor tant for 
the preparat ion of s tudents in junior and senior agricultural educat ion for an agricultural practice 
permeated w i t h informat ion technology? 
2 . Have your ideas on th is issue changed in the past year? 
3. A t th is momen t I use a categorization of relevant issues: 
- learning h o w t o use a PC; 
- in format ion model l ing; 
- process au tomat ion ; 
- fa rm management support ; 
- external in format ion supply. 
What are your comments on this categorization? 
4 . In the l i terature on vocat ional educat ion and information technology there are indicat ions tha t 
general object ives, such as prof iciency o f the english and german languages, cogni t ive skills 
w i t h respect to problem solving, a f lexible and cooperative at t i tude, have become more 
impor tan t as a result of the introduct ion of information technology. Would you agree on this? 
W h a t are the most impor tant general objectives? 
5. W h i c h organisat ions in the wor ld of agricultural communi ty and business should inf luence 
courseware development? 
6. W h a t is your judgement o f present inf luence of agricultural communi ty and business on 
courseware development? 
7. If th is inf luence is not large enough or too large, could you indicate relevant causes? 
8. If you could inf luence the pol icy of ESLO ini t iat ive, wha t wou ld be your suggestions? 
9 . Wou ld you have any comments on the posit ion o f the CILO at th is moment? 
10 . Wou ld you have any comments on the research on the evaluation of the ESLO init iative? 
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E.2 Questions for the project leaders of the ESLO projects. 
1 . For the development of courseware it is necessary tha t the content of the vocat ion oriented 
educat ion , more specif ically w i t h respect to the role of comput ing in the vocat ions, is specif ied 
in advance. A t this moment little is specif ied. Possible issues are: in format ion model l ing, 
agricultural so f tware , simulation of parts of agricultural so f tware, subject related concepts tha t 
are at the basis of agricultural so f tware , etc.) . Could you indicate w h a t content is impor tant for 
the preparation of s tudents in junior and senior agricultural educat ion for an agricultural pract ice 
permeated w i t h informat ion technology? 
2 . A t th is moment I use a categorization of relevant issues: 
- learning how t o use a PC; 
- informat ion model l ing; 
- process automat ion; 
- fa rm management support ; 
- external in format ion supply. 
W h a t are your comments on th is categorization? 
3. A second relevant issue in the development of courseware is the instruct ional s t rategy. W h a t 
learning strategies should the students fo l low and wha t are important instruct ional designs. 
Wou ld you have any preferences w i t h respect to relevant instructional strategies? 
4 . A th i rd relevant issue is the role of computers in instruct ion. A t this moment I use the fo l lowing 
categorizat ion: 
- the computer as subject, tha t is the computer as use in agriculture is discussed at school ; 
- the computer as teacher, tha t is the computer wi l l be used to relieve the teacher f rom specif ic 
tasks in inst ruct ion; 
- the computer as student support , that is the computer supports learner tasks such as gathering 
relevant in format ion, calculat ing, wr i t ing, etc. 
Do you use a comparable or other categorization? What is the most important category in the 
agriculture oriented subjects? 
5 . Another possible categorization is that in drill and pract ice, tutor ials, problem solv ing, dialogue 
and inquiry, and simulat ion. Which of these f ive are the most important categories in the 
agriculture oriented subjects? 
6. Are you pleased w i t h the use of the plan of stages of courseware development as used in the 
ESLO initiative? 
7. Where in the last stage ( implementat ion and evaluation) are the largest bott lenecks? 
8. The ESLO projects work wi th in specific condit ions w i t h regard t o resources. As far as I can see 
the fo l l ow ing condit ions are important (table enclosed). Could you indicate w h i c h of these 
condit ions are problematic to your project? W e can discuss the related problems 
9. Enclosed you wi l l f ind an overv iew of the stages of courseware development as used in the 
ESLO projects. Could you indicate where your project is located? 
10 . Could w e discuss the project plan for your project? 
(For each of the interviews specif ic topics of interest are ment ioned, such as the absence of a 
project p lan, relations between specif ic elements of the project plan, etc.) 
1 1 . Suppose you could change the policy of the ESLO init iat ive, w h a t wou ld be your suggestions? 
12. Wou ld you have any additional comments on the ESLO init iat ive, the CILO, the evaluat ion 
research? 
E.3 Questions for teachers 
The f i rs t four quest ions are identical to the test version of the questionnaire, as ment ioned in chapter 
4 . The answers of the teachers t o these 4 questions are discussed. The four questions are ment ioned 
be low. 
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1 . Be low, several objectives regarding agricultural comput ing are l isted. Could you check in w h a t 
program these objectives ideally should be attained? 
The list consists of 22 items, grouped in four categories: learning how to use a PC, process 
automation, farm management systems and functioning effectively with infonnation related tasks. The 
five relevant curriculum levels are: before senior secondary education, the two year, three year, or four 
year level of senior secondary education, and the post secondary courses. Teachers can also indicate 
an objective to be irrelevant for the agricultural curriculum; indicating that teachers have no opinion on 
the specific objective is possible too. 
2 . Wou ld y o u indicate your opinion on the fo l lowing statements by checking the appropriate 
answer. 
The lists consists of 19 items that express opinions regarding possibilities and restrictions of computer 
use 112 items), regarding the importance of computers in agriculture (3 items) and regarding initial and 
in-service training of teachers (4 items). 
3 . Wh ich o f t h e fo l lowing s tatements, in relation to the use of computers , do you momentar i ly 
experience as a problem at your school? A n d wh ich of the indicated problems are the most 
impor tant according t o you (5 at max imum). 
The list consists of 29 items; 4 Herns are related to hardware, 6 Hems to software, 6 Hems to 
teaching, 10 Hems to the organisation of computer use, 2 Hems are remainder Hems and as a last Hem 
an open item is left for completion by the teacher. 
4 . Wou ld y o u indicate your opinion on the fo l lowing statements by checking the appropriate 
answer. 
The list consists of 5 items that are related tot the involvement of teachers in courseware 
development. 
Quest ion 5 discusses the ESLO init iat ive. The CILO plan of stages of courseware development is 
outl ined in Append ix D. 
5 . What is your opinion on the fo l lowing aspects of the ESLO project? 
- m e t h o d : cooperat ion w i t h curr iculum commit tees 
- me thod : work ing according to the CILO plan of stages of courseware development 
- so f twa re is developed at a central location and in the fu ture the schools possibly wi l l develop 
supplements to this so f tware 
- each package should be accompanied by an in-service training 
6 . W h a t general guidelines for the design o f instruct ion in the subject are in your opinion 
important? 
For example guidelines regarding the sequence of subjects, the sequence o f assignments, the 
teach ing method to be selected, methods of feedback, placing of assignments and clari f icat ions, 
etc. 
E.4 Questions for the CILO personnel 
Six persons are in terv iewed: t w o system analysts/ programmers, the educat ional expert , the 
coordinator speci f icat ion, the project manager ESLO and the coordinator development. 
Questions for the system analyst/programmer. 
1 . Hoe w o u l d you describe your funct ion in relation to courseware development? To w h a t extent 
wil l the amalgamation of the CILO and STOAS change th is funct ion? 
2 . W h a t are the bott lenecks do you encounter in your contr ibut ion to the courseware development? 
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3. What is your judgement of the cooperat ion between the di f ferent actors involved in courseware 
development? 
4 . I wou ld like to consult you on the fo l lowing concepts, wou ld you please comment the 
descript ion o f these concepts? 
Method: the complete set of prescriptions and stages that structure the process of courseware 
development. 
Techniques: the ways in which aspects of the system, that is to be designed, are described. 
Tools: soft- and hardware instruments that are used to develop courseware. 
5. W h a t methods, tools and techniques do you use when developing courseware? What are the 
bot t lenecks you run into in the use of these methods, tools and techniques? 
6. In wh ich of the ESLO projects are you involved at this moment? 
7. One of the tasks of the development group is the distr ibut ion. W h a t are the elements of th is 
task? 
Questions for the educational expert . 
1 . Mutual in t roduct ion. 
2 . Y o u did read the research proposal for the evaluation of the ESLO init iat ive, wha t are your 
comments? 
3. Could you describe your responsibilities? 
4 . W h a t are your plans w i t h respect to evaluating the ESLO courseware? Questionnaires regarding 
the use of the courseware? Teams of teachers using courseware? Questionnaires regarding in-
service training? 
5. W h a t act iv i t ies are executed t o involve teachers in the ESLO projects? Should the plan of stages 
of courseware development have a role in this respect? 
6. What are the experiences w i t h introducing the courseware? W h o executes the in-service 
training? H o w are ideas, generated in the development group, transferred to teachers? 
7. How is the plan of stages of courseware development used? 
8. Is it possible to indicate t rends in the change of the agriculture oriented subjects as a result o f 
the int roduct ion of computers and information technology? What are important objectives in 
relation t o computers and informat ion technology in agriculture? 
9. W h a t is your judgement on the involvement of teachers in the ESLO initiative? Is it possible t o 
dist inguish between specif ic groups of teachers in this respect? 
10 . Is i t possible to indicate t rends in the use of computers in teaching and learning? For example: Is 
there a need for quest ion and answer type of courseware? Is there a need fo r simulations? Does 
one use t h e computer to introduce students in agricultural sof tware? 
1 1 . W h a t is your judgement on the involvement of representatives of the agricultural vocat ions? 
W h a t are important object ives in relation to computers and information technology in agriculture 
in their v iew? 
12 . Wh ich groups wi th in the agricultural communi ty and business have most influence on 
courseware development? 
Questions for the coordinator speci f icat ion. 
1 . Could w e rev iew the state o f affairs in the di f ferent ESLO projects? 
2. H o w is the plan of stages of courseware development used? 
3. Is it possible to indicate t rends in the change of the agriculture oriented subjects as a result o f 
the int roduct ion of computers and informat ion technology? What are important objectives in 
relation t o computers and informat ion technology in agriculture? 
4 . W h a t is your judgement on the involvement of teachers in the ESLO initiative? Is it possible t o 
dist inguish between specif ic groups of teachers in this respect? 
5. Is i t possible to indicate t rends in the use of computers in teaching and learning? For example: Is 
there a need for question and answer type of courseware? Is there a need for simulations? Does 
one use the computer to introduce students in agricultural sof tware? 
6. W h a t is your judgement on the involvement of representatives of the agricultural vocat ions? 
W h a t are important object ives in relation to computers and informat ion technology in agriculture 
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in their v iew? 
7. W h i c h groups w i th in the agricultural communi ty and business have most inf luence on 
courseware development? 
8. W h a t is your opinion on the fo l lowing di lemmas (each of these di lemmas is explained short ly) : 
- be tween in-house development and cooperat ion w i t h dif ferent parties involved 
- be tween courseware development and curr iculum development 
- be tween the knowledge on hard- and sof tware and the skills on h o w t o use t h e m 
- be tween vocat ion oriented and support ing subjects 
- be tween exist ing so f tware and new sof tware 
Questions fo r t h e coordinator development as well as for the project manager ESLO. 
1 . There is a recent change in the plan of stages for courseware development. W h a t are the most 
impor tant changes? W h y are these changes implemented? 
2. Could w e review the plan of stages for courseware development and discuss possible 
shor tcomings and bott lenecks? 
3. W h a t are the di f ferent versions of a possible curr iculum on agriculture oriented comput ing? 
4 . W h a t are the di f ferent parties involved in courseware development? 
5. Is there a set of activi t ies you use t o involve teachers? Or are these activi t ies ment ioned in the 
plan of stages for courseware development? 
6. W h a t are the experiences w i t h introducing the courseware? W h o executes the in-service 
training? H o w are ideas, generated in the development group, transferred to teachers? 
7. W h a t are the important condit ions for courseware development? 
8. W h a t are important condi t ions for courseware use? 
9. Could w e rev iew the state of affairs in the dif ferent ESLO projects? 
10. W h o in the organisation o f the CILO is registering t ime of the personnel? 
1 1 . W h a t courseware development related standards are used? 
12. W h a t are important sources in the literature on courseware development tha t you have 
available? 
E .5 Questions for the curriculum subject inspector on computing in agriculture of the M A N M F 
1 . Y o u did read the research proposal for the evaluation of the ESLO init iat ive, w h a t are your 
comments? 
2 . In the problem descript ion at the basis of the ESLO init iative are the need for : 
- t he improved preparation of students for an agricultural practice tha t is permeated w i t h 
in format ion technology; 
- an improved use of computers for educational innovat ion; 
W h a t is your opinion of th is problem description? 
3. Do you have an impression of the wishes of the agricultural communi ty and business in relation 
t o the improved preparation of students? 
4 . W h a t pol icy documents give an overv iew of important developments in agriculture w i t h respect 
t o computers and informat ion technology? 
5. Do you have an impression of the wishes of the schools w i th respect t o the use of computers? 
6. W h a t are your criteria t o judge the success or failure of the ESLO initiative? 
7. W h a t is your opinion on the organisation and the execut ion of the ESLO init iat ive up unti l now? 
8. W h a t is the fu ture role of the CILO in courseware development? 
9. W h a t is your fu ture role in courseware development? 
10 W h a t is the relation between the ESLO init iat ive and other similar init iat ives for general 
educat ion? 
E.6 Questions for two representatives of the institutions for support of agricultural education 
1 . Three central goals of the ESLO init iative are: 
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- the improved preparation of s tudents fo r an agricultural practice tha t is permeated w i t h 
in format ion technology; 
- an improved use of computers for educational innovat ion; 
- the generat ion of knowledge of and instruments on courseware development. 
What is your opinion on these goals? 
2 . W h a t is your opinion on the use of the plan of stages for courseware development 
3. W h a t is your opinion on the organisation of courseware development? 
4 . W h a t should be the role of the supervisory commit tee on educational affairs of the CILO in 
relation t o the ESLO initiative? 
5. Are y o u satisf ied w i t h the present role of th is committee? 
6. W h a t is you opinion on the influence of the implementat ion of the structure o f quali f icat ions on 
the ESLO initiative? 
7. What are the most important bott lenecks in the development of curriculum materials and the 
development of courseware as executed in organisation characterised by the curr iculum 
commit tees? 
8. What are the most important bott lenecks in the development of curr iculum materials and the 
deve lopment of courseware as executed in organisation characterised by the implementat ion of 
the s t ructure of qualif ications? 
9. W h a t is you opinion on an ideal organisation for the development of curr iculum and curr iculum 
materials? 
10 . Do you th ink educational expertise is suff ic ient ly integrated in the ESLO init iative? 
1 1 . W h a t is your v iew on the role that the inst i tut ions for support of agricultural educat ion should 
play in courseware development? 
12 . Are you content w i t h the present role? 
13 . Is it feasible to expect the AOCs to develop supplementary courseware? 
14. W h a t are the consequences of an amalgamation of CILO and Stoas for the ESLO init iat ive and 
for courseware development? 
15 . Wou ld y o u have any additional comments on the ESLO init iat ive, the CILO, the evaluation 
research? 
E.7 Question for the teacher at Stoas responsible for the in-service training program on computers 
in agricultural education 
The f i rs t f ou r questions are identical to the test version of the questionnaire, as ment ioned in chapter 
4 . The answers of the teacher to these 4 questions are discussed. The four questions are ment ioned 
below. 
1 . Be low, several objectives regarding agricultural comput ing are l isted. Could you check in w h a t 
program these objectives ideally should be attained? 
The list consists of 22 items, grouped in four categories: learning how to use a PC, process 
automation, farm management systems and functioning effectively with information related tasks. The 
five relevant curriculum levels are: before senior secondary education, the two year, three year, or four 
year level of senior secondary education, and the post secondary courses. Teachers can also indicate 
an objective to be irrelevant for the agricultural curriculum; indicating that teachers have no opinion on 
the specific objective is possible too. 
2. W o u l d you indicate your opinion on the fo l lowing s tatements by checking the appropriate 
answer. 
The lists consists of 19 items that express opinions regarding possibilities and restrictions of computer 
use (12 items), regarding the importance of computers in agriculture (3 items) and regarding initial and 
in-service t ra in ing of teachers (4 i tems). 
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3. W h i c h o f the fo l lowing statements, in relation to the use of computers, do you momentar i ly 
exper ience as a problem at your school? And wh ich of the indicated problems are the most 
impor tant according to you (5 at max imum) . 
77>e list consists of 29 items; 4 items are related to hardware, 6 items to software, 6 items to 
teaching, 10 items to the organisation of computer use, 2 items are remainder items and as a last item 
an open item is left for completion by the teacher. 
4 . W o u l d y o u indicate your opinion on the fo l lowing statements by checking the appropriate 
answer . 
The list consists of 5 kerns that are related tot the involvement of teachers in courseware 
development. 
Quest ion 5 discusses the ESLO init iat ive. The CILO plan of stages of courseware development is 
out l ined in Append ix D. 
5. W h a t is your opinion on the fo l lowing aspects of the ESLO project? 
- m e t h o d : cooperat ion w i t h curr iculum commit tees 
- m e t h o d : work ing according to the CILO plan of stages of courseware development 
- so f twa re is developed at a central location and in the fu ture the schools possibly wil l develop 
supplements to th is sof tware 
- each package should be accompanied by an in-service training 
6. W h a t general guidelines for the design of instruct ion in the subject are in your opinion 
important? 
For example guidelines regarding the sequence of subjects, the sequence of assignments, the 
teach ing method t o be selected, methods of feedback, placing of assignments and clar i f icat ions, 
e tc . 
7. In t h e plan of stages of courseware development, in the stage of the implementat ion and 
eva lua t ion , there is at tent ion to in-service training. Are there bott lenecks w i t h respect to th is 
t raining? What is the distr ibution of responsibilit ies be tween Stoas and CILO? W h a t are the 
qual i ty cri teria of Stoas fo r this training? 
8. W h a t a t tent ion is g iven in the initial teacher training t o computers in agricultural educat ion? 
9. W h a t should be the role of the supervisory commit tee on educational affairs of the CILO in 
relation to the ESLO initiative? 
1 0 . Are y o u satisf ied w i t h the present role of this commit tee? 
1 1 . W o u l d y o u have any additional comments on the ESLO init iat ive, the CILO, the evaluat ion 
research? 
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